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ABSTRACT 
 
 
            Food safety can be improved by various antimicrobial applications through the 
effective inhibition of microorganisms for certain periods by controlled release. 
Antimicrobials in powders and films were studied to investigate their activities and 
properties. 
            Nisin (Nisaplin®) (200, 400, 600, 800, and 1000 IU/ml) was adsorbed to silica 
and different corn starches and their antimicrobial activities against Listeria 
monocytogenes were evaluated by agar diffusion assay. Nisin-adsorbed silica (Celpure P-
65) powder had the highest antimicrobial activity at 600 IU/ml and also confirmed that 
the highest amount of nisin was adsorbed onto silica at the same concentration by 
thermogravimetric analysis. Efficacy of corn starches for adsorption of nisin was less 
than that of silica due to low retained activity onto powder and much loss activity in 
supernatant during nisin-adsorbed powder processing.  
            Nisaplin® and Guardian® incorporated gelatin films were evaluated for their film 
properties, and antimicrobial activities against Listeria monocytogenes in liquid media, 
solid media and ready-to-eat turkey bologna. As antimicrobial concentrations increased 
in films, intensity of yellowness increased and lightness decreased. Also, film tensile 
strength was reduced and elongation increased. Both oxygen permeability (OP) and water 
vapor permeability (WVP) of gelatin-based Nisaplin® films increased as antimicrobial 
concentration increased. OP of gelatin-based Guardian® films increased as level of 
incorporated antimicrobial increased while WVP decreased. Gelatin-based Nisaplin® 
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films (0.025 ~ 0.5%) completely inhibited Listeria monocytogenes within 6 hours. 
Gelatin-based Guardian® films (0.5 ~ 3%) inhibited Listeria monocytogenes in liquid 
media and two lower concentrations (0.5% and 1%) were more effective at inhibiting 
Listeria monocytogenes than two higher concentration (2% and 3%). Antimicrobial 
activity of both films against Listeria monocytogenes on solid media were evaluated for 
16 weeks and gelatin-based Guardian® films were more stable than gelatin-based 
Nisaplin® films. Both antimicrobial films effectively inhibited Listeria monocytogenes 
on bologna at 4℃ for 56 days. 
           Gelatin films containing trans-2-dodecenal were developed and their antimicrobial 
activities against Listeria monocytogenes and Escherichia coli O157:H7 were evaluated 
in model system using peptone solution and turkey bologna. Also, film properties were 
evaluated. Trans-2-dodecenal gelatin films completely inhibited Listeria monocytogenes 
in 0.1% peptone solution within 8 hours. Also, this film reduced Escherichia coli 
O157:H7 populations for 48 hours compared to control. Total color difference (∆E) of all 
treatments inoculated with Listeria monocytogenes increased during storage at 4℃ for 56 
days. Films inoculated with Escherichia coli O157:H7 also showed increased ∆E as 
storage time increased while there was no change in bologna from day 1 to 56 and ∆E 
was higher in order as follow 2% TD > 1% TD > Control > Bologna. Trans-2-dodecenal 
impregnated gelatin film suppressed Listeria monocytogenes and Escherichia coli 
O157:H7 on bologna pieces during storage at 4℃ for 56 days. Antimicrobial activity of 
films against Listeria monocytogenes was more effective than activity against 
Escherichia coli O157:H7. 
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CHAPTER ONE 
 
INTRODUCTION 
 
 
Food safety has become a critical issue in our daily life whenever we eat to 
sustain health. Food safety is related to three major risk categories, chemical, 
microbiological, and physical hazards (Robert, 2001). Microbiological hazards can result 
from bacteria, viruses and parasites and other microorganisms. Generally, foodborne 
illness result from the consumption of contaminated foods and such foods often have a 
normal appearance without any detectable change of odor, color or taste even after 
contamination (Robert, 2001). Thus, it is very difficult to recognize whether foods are 
contaminated or not by foodborne pathogens before purchasing or eating. There are 
numerous foodborne pathogens causing health problems, however, Listeria  
monocytogenes and Escherichia coli O157:H7 are bacteria that often are associated with 
ready-to-eat meat products.  
Feasible technology to inhibit or kill the foodborne pathogens in food products 
have been developed including heat treatment, freezing, ultra high pasteurization, high-
intensity pulsed electric fields, high pressure processing, irradiation and natural or 
synthetic additives. Natural antimicrobials are usually isolated from plant resources of 
extraction from bacteria. These antimicrobials provide a consumer friendly way to treat 
foods with less physical damage. Bio-based antimicrobials give perceived advantages 
such as being natural, safe and effective. Antimicrobials can also protect food from post 
processing cross-contamination. However, since the activity of many antimicrobials is 
reduced by physical treatments or food components, their use may be limited by cost and 
effective dose. Generally, the direct addition of antimicrobials can be an effective hurdle 
for the control of microbial growth or to inhibit foodborne pathogens. If some 
antimicrobials lose their activity earlier than food processors expect, it will be difficult to 
protect food from contamination or infection risk. The controlled release of 
antimicrobials can give an additional hurdle against bacterial contamination during food 
storage. Antimicrobials can be released at the target area with a controlled release rate 
thus protecting the antimicrobial from loss of activity for an extended period. To maintain 
antimicrobials activities or extend their effects for a longer time, researchers have applied 
antimicrobials in different ways such as in coatings, spraying and in films.   
            Food grade adsorbents such as silica and corn starch can be used to create 
antimicrobials-adsorbed powders which can be produced and applied to RTE meats by 
dusting or by powder impregnated films. Using film application, it may possible to 
inhibit foodborne pathogen bacteria in various food products. In this research, we intend 
to inhibit foodborne pathogens such as L. monocytogens and E. coli O157:H7 using 
antimicrobials adsorbed powder and biodegradable films. 
            The overall objective of this study was to develop antimicrobial incorporated 
powders and antimicrobials impregnated bio-based films for improvement of food safety.  
Several objectives in detail as follows; 
            1) To optimize concentration of antimicrobial adsorbed food grade powder  
            2) To investigate inhibition effect of antimicrobial-adsorbed silica and corn starch 
                 powders against L. monocytogenes 
            3) To develop antimicrobials impregnated bio-based films 
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            4) To evaluate activities of antimicrobial bio-based films in peptone solution 
            5) To measure activities of antimicrobial bio-based films in ready-to-eat bologna 
 3
CHAPTER TWO 
LITERATURE REVIEW 
Foodborne pathogens and food safety 
  Foodborne pathogen include parasites, protozoa, fungi, bacteria, viruses, prion, 
and toxigenic phytoplanktons (Jay, 2000). Food safety issues related to foodborne 
pathogens are of concern to food producers, providers, distributors, retailers and 
consumers. Most of all, they potentially face the threat from outbreaks from many types 
of foodborne pathogens. If a pathogenic outbreak occurs from consumption of food 
products due to poor hygiene, the involved companies will experience economical 
damage from recalls. Consumer’s demand for safer foods has increased scrutiny of food 
safety yet cases of foodborne outbreaks still occur every year. Due to the number and 
seriousness of some outbreaks, the USDA/FSIS, FDA and CDC apply strict policies and 
rules to reduce or prevent foodborne outbreaks. In fact, a “zero tolerance policy” has been 
applied to some foods and organisms. Since different countries vary in food types, 
regulations and acceptable levels of each pathogen vary from country to country, these 
differences often create a problem from the international trade.  
  The number of USDA recalls caused by foodborne pathogens such as Listeria 
monocytogenes, E. coli O157:H7 and Salmonella were 59 (2000), 53 (2001), 81 (2002) 
and 29 (2003). The USDA has three categories of recalls and class I recall is defined as 
follows; “a health hazard situation where there is a reasonable probability that the use of 
the product will cause serious, adverse health consequences or death” (www.usda.gov). 
Class I recalls, the highest level of recall, represented 65 percent of all recalls between 
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2000 and 2003 (Kramer et al, 2005). In 2006, 12 recalls from suspected pathogen 
contamination of meat based products such as beef products, pork products, frozen 
chicken and hot dogs were reported. Since records of outbreaks were fluctuated annually 
but remain relatively high, the study of novel and improved ways to prevent foodborne 
illness is warranted. 
 
Listeria monocytogenes (LM) 
  There are six species (L. seeligeri, L. monocytogenes (LM), L. innocua, L. 
weishimeri, L. ivanovii and L. grayi) of Listeria classified (Ryser and Marth, 1999) and 
17 serovars are identified. It is known that L. innocua, L. seeligeri, and L. welshimeri are 
nonpathogenic, but, LM is pathogenic and the main causative agent in human listeriosis 
(Jay, 2000). LM, a gram positive and non-spore forming bacterium, is one of four 
foodborne pathogens categorized by the CDC as of most concern for public health. This 
pathogen has ~ 20% of mortality rate (Gellin and Broome, 1989) which is significantly 
higher than the rate for other foodborne pathogens. Listeriosis can occur by direct or 
indirect contamination of foods, by mishandling during processing and improper storage 
conditions. LM has a relatively wide growth temperature (1 to 45℃) and pH (4.1 to 9.6) 
range (Jay, 2000). Thus, LM is a public health threat for refrigerated foods, especially 
ready-to-eat products due to its ability to survive and grow at refrigeration temperatures. 
      Despite the U.S. Department of Agriculture (USDA) “zero tolerance” policy for 
LM in RTE foods, listeriosis outbreaks still occur every year in the U.S. as well as many 
other countries such as Switzerland, Denmark, France, United Kingdom, France and  
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Canada. If any LM is found in a RTE food by standard inspection, all products from that 
lot will be removed from the market by recall under US Policy (Holton, 2000). The “zero 
tolerance policy” for ready-to-eat foods and poultry products introduced in 1989 by the 
Food Safe ty  and Inspect ion  Service  (FSIS)  i s  par t icular ly  re levant  to 
immunocompromised populations such as babies, elderly people and pregnant women 
(Acuff et al, 2004). The FDA “zero tolerance policy” described LM as an “adulterant” 
and if any this LM is found in a 25g sample of food, those products are subjected to Class 
I recall (A situation with a reasonable probability that the use of, or exposure to, a 
product will cause serious adverse health consequences). “Zero tolerance policy” on 
poultry inspection system specifies that poultry carcasses contaminated with feces are not 
allowed to enter chilling tanks, where contamination could spread to other carcasses.  
  Murphy et al (2005) showed that combined treatments with liquid smoke and 
steam had a synergic effect on inhibiting LM in RTE franks. Also, they reported no LM 
growth on franks after storage at 4.4℃ or 16℃ through 47 days. Another study showed 
the combination of pasteurization and nisin film significantly suppressed LM growth in 
turkey bologna and maintained inhibition over 2 months storage (Mccormick et al, 2005). 
Inhibition effects of dipping franks in solutions of sodium diacetate, sodium lactate, 
pediocin and their combinations on LM inhibition was compared over 3 weeks storage at 
4℃. After 3 weeks, the three antimicrobial combinations was most effective against a 
cocktail of LM with 1.5 to 2.5 log reductions compared to control and other treatments 
such as pediocin only and sodium diacetate plus sodium lactate (Uhart et al, 2004).  
 
 6
E. coli O157:H7 (EOH) 
  EOH, a gram-negative bacteria that includes five virulence groups, can be found 
in various foods such as meat, milk, poultry, seafood products and ready to eat products 
(Jay, 2000). In USA, EOH was first isolated from a woman in Califonia in 1975. EOH is 
enterohemorrhagic and can manifest through one of three syndromes such as 
hemorrhagic coli t is ,  hemolytic uremic syndrome (HUS) and thrombotic 
thrombocytopenic purpura (TTP) and some cases are more serious and result in death 
(Cliver, 1990). EOH is also subject to “zero tolerance” by USDA regulations such that if 
any EOH is detected in raw beef, the whole batch must be recalled. In 1993, a foodborne 
outbreak from hamburger caused by EOH was reported and it resulted in 700 illnesses 
and four children’s death (USDA website). Based on the analysis of USDA economic 
research service, the yearly estimated cost of 65,458 EH case is $ 659.1 million and 
includes 52 deaths by hemolytic uremic syndrome which is caused EOH infection 
(www.usda.gov). Other countries also have strict policies concerning Escherichia coli. 
For instance, the Netherlands have a “zero tolerance policy” for E. coli O157 VTEC 
which causes infection via a verocytotoxin (Heuvelink et al, 2001). Slaughterhouse 
inspection revealed 52 % contamination of hide, hair or feces on inspected carcasses and 
showed 7% visible contamination of chilled carcasses.  
            E. coli can be inhibited by antimicrobials, organic acids, combinations of 
antimicrobials and other physical treatments. Sorbic acid, p-aminobenzoic acid only or 
both acids impregnated into whey protein films suppressed E. coli O157:H7 on bologna 
and sausage after storage at 4℃ for 21 days (Cagri et al, 2002). Two organic acids, 2% 
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polylactic acid and 2% lactic acid, 400IU Nisaplin/ml, and combination of each acid and 
400 IU Nisaplin/ml performed 2.83 ~ 3.13 log reductions of E. coli O157:H7 in raw beef 
during storage at day 28 after storage at 4℃ (Mustapha et al, 2002). However, there was 
no synergistic effect of antimicrobial activity by nisin against E. coli O157:H7. A 
combination of nisin and EDTA decreased E. coli O157:H7 in lean beef tissue by 0.42 
log CFU/cm2 (Cutter and Siragusa, 1995).  
 
Ready-to-eat products and safety 
  With greater expendable incomes and changing life styles, eating patterns have 
also changed toward easy-to-cook or ready-to-eat products. Ready-to-eat foods are one of 
the more popular food items. According to the National Advisory Committee on 
Microbiological Criteria for Foods (2005), a ready-to-eat food is defined as “food that is 
in edible form without additional preparation to achieve food safety (such as heating) but 
may receive additional preparation for palatability or aesthetic, epicurean, gastronomic, 
or culinary purposes”. Since ready-to-eat foods are often consumed without any further 
cooking, most of RTE foods provide many advantages including a variety of choices in 
case of preparation, and time savings. However, there are some disadvantages such as 
post-process contamination, cross contamination by improper handling, processing 
equipments (Lin et al, 2006) and incomplete cooking. Due to the large quantities of being 
sold in the market, it is very difficult to prevent all foodborne outbreaks. Fresh foods such 
as sliced fruits and vegetables that are not subject to heat treatments before consumption 
have a possibility of contamination from foodborne pathogens. Also, some RTE meats 
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like bologna, sausage and deli meats are highly vulnerable to microbial contamination by 
improper temperature control, cross contamination by workers, contamination by 
consumers and possible growth of pathogens at refrigerated temperature. In addition, 
unexpected temperature abuse can promote bacterial growth. 
            Ready to eat foods are one of the most vulnerable sources for contamination by 
various factors. Meldrum et al (2005) reported that beef or poultry sliced meat samples 
recorded 1.6% unsatisfactory E. coli levels (if counts over 100 CFU/g) and 0.7% 
unacceptable LM levels (if counts over 100 CFU/g) for samples collected between 1995 
and 2003 in UK. Since most single prevention measures are not adequate to maintain the 
safety of RTE products, use of hurdle technology is required to improve shelf life and 
enhance food safety.  
            Based on Class I recall data for cooked and RTE meat products from LM 
contamination from 1990 to 1997, the most commonly recalled food product was 
sandwiches made with different type of meat (roast beef, turkey, ground beef, ham, 
sausage, cheese) (Ryser and Marth, 1999). Also, the incidence rate of LM in RTE 
products in the USA was reported to be 8 ~ 71% by a government monitoring program 
between 1990 and 1997. 
            To prevent the possibility of contamination of RTE foods from the foodborne 
pathogens, hurdle technology has been employed. The synergic effect against foodborne 
pathogens has been tested using multiple barriers such as preservatives, high-pressure 
processing (Hayman et al, 2004), pulsed electric field, in-package pasteurization (Huang, 
2007), irradiation (Foong, 2004), temperature control, reducing water activity, acid 
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treatments (Mbandi and shelef, 2001), reducing redox potential, antimicrobials and 
competitive microorganisms (Zhu et al, 2005). Also, RTE foods have a supportive 
environment for bacterial growth, thus a single prevention may not be adequate to kill or 
inhibit target bacteria. Therefore, the use of hurdle technology with multiple preventions 
is recommended for the safety of ready-to-eat foods. Inhibition effect of combination of 
potassium lactate with 400 Mpa high hydrostatic pressure against L. monocytogenes in 
sliced cooked ham after storage at 1℃ and 6℃ for 84 days was higher than single 
treatment (Aymerich et al, 2005). Chung et al (2005) reported that combination of nisin, 
TBHQ and high-pressure processing had synergistic effect to suppress L. monocytogenes 
in sausage than each treatment. At day 28 after storage at 4℃, combination of two 
treatments (nisin + sodium diacetate) or combination of three treatments (nisin + 
diacetate + sodium lactate) showed no L. monocytogenes growth in frankfurters and their 
antiliesterial effect was greater than one treatment only or any other combinations 
(Lungu and Johnson, 2005).  
      
Antimicrobial bio-based films (ABF) 
  Antimicrobial packaging has emerged as one of food safety hurdle technology 
developed in recent years. Generally, antimicrobial packaging is a means for packaging 
to kill or inhibit target bacteria. Different from currently used commercial films produced 
with petroleum based materials, ABF can also be environmentally friendly materials as 
well as more common petroleum based materials. ABF may be composed of edible, 
biodegradable and renewable biopolymers. Among the major three categories of bio-
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based polymers such as type 1 (polymers from biomass), type 2 (synthetic polymers from 
monomers) and type 3 (polymers from natural or genetically modified organisms) 
(Weber et al, 2002), type 1 polymers widely used to film matrix for ABF. These 
polymers typically divided into polysaccharides, proteins and lipids (Weber et al, 2002). 
ABF has a role as a microbial barrier as well as a moisture and oxygen barrier. ABF 
activity could be enhanced by the controlled release of antimicrobials against target 
foodborne pathogens. However, their applications are currently limited due to poor 
physical or mechanical properties and reduced activity by interaction with food 
ingredients and conditions. Numerous research with antimicrobial agents such as organic 
acids, enzymes, bacteriocins, polymers, natural extracts, oxygen absorbers have been 
conducted as part of active packaging to get effective anti-microbial barriers (Table 1) 
(Han, 2003). Some antimicrobials have been added to commercial inedible polymer films 
such as LDPE (Grower, 2004; Suppakul, 2006), PE (Ha et al, 2001) and PVC (Natrajan 
and Sheldon, 2000). Other studies have tested antimicrobials films with bio-carriers such 
as gelatin, whey protein isolate, starch, zein and so on. Also, natural antimicrobials such 
as nisin (Hoffman et al, 2001; Ko et al, 2001; Mccormick et al, 2005), lysozyme (Conte 
et al, 2006), chitosan (Coma et al, 2002; Zivanovic et al, 2005), organic acids (Baron and 
summer, 2001; Cagri et al, 2001; Quattara et al, 2000; Padgett et al, 2000; Weng and 
Chen, 1933), spices (Ceylan et al, 2004) have been used in films for food safety.  
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Table 2.1. Antimicrobial agents and packaging systems (Han, 2003) 
 
Antimicrobials Packaging materials Foods Microorganisms 
Organic acids 
Benzoic acids 
 
Parabens 
 
 
Benzoic & sorbic acids 
Sorbates 
 
 
 
 
 
 
 
 
 
Sorbic anhydride 
Sorbates & propionates 
Acetic, propionic acid 
 
Enzymes 
Lysozyme, nisin, EDTA 
Lysozyme, nisin,  
EDTA, propyl paraben 
 
Immobilised lysozyme 
 
Glucose oxidase 
 
Bacteriocins 
Nisin 
 
 
Nisin, lacticins 
Nisin, lacticin, salts 
Nisin, EDTA 
Nisin, citrate, EDTA 
Nisin, organic acids mixture 
Nisin, lauric aicd 
Nisin, pediocin 
 
 
Fungicides 
Benomyl 
Imazalil 
 
 
 
PE 
Ionomer 
LDPE 
PE coating 
Styrene-acrylates 
PE-co-met-acrylates 
LDPE 
PE, BOPP, PET 
LDPE 
MC/palmitic acid 
MC/HPMC/fatty acid 
MC/chitosan 
Starch/glycerol 
WPI 
 
CMC/paper 
PE 
PE/foil 
Chitosan 
 
 
SPI, zein 
WPI 
 
 
PVOH, nylon,  
cellulose acetate 
 
 
 
PE 
HPMC 
Corn zein 
Polyamide/LDPE 
Polamide/LDPE 
PE, PE-co-PEO 
PVC, nylon, LLDPE 
Acrylics, PVA-co-PE 
Zein 
Cellullose casing 
 
 
 
Ionomer 
LDPE 
PE 
 
 
Tilapia fillets 
Culture media 
Simulants 
Simulants 
Culture media 
Culture media 
Culture media 
Water, cheese 
Cheese 
Water 
Water 
Culture media 
Chicken breast 
Culture media 
 
Cheese 
Culture media 
Apples 
Water 
 
 
Culture media 
Culture media 
 
 
Culture media 
 
Fish 
 
 
Beef 
Culture media 
Shredded cheese 
Culture media 
Culture media 
Beef 
Chicken 
Water 
Simulants 
Tukey breast Ham, 
Beef 
 
 
Culture media 
Bell pepper 
Cheese 
 
 
Total bacteria 
Pen. Spp., Asp. Nige 
Migration test 
Migration test 
S. cerevisiae 
ASP. Niger, Pen. Spp. 
Migration test 
S. cerevisiae 
Yeast, mould 
Migration test 
Migration test 
 
 
S. cerevisiae 
Asp nigher, Pen. Roqueforti 
 
S. cerevisiae, moulds 
Firmness test 
Migration test 
 
 
E. coli, Lb, plantarum 
L. monocytogenes,  
Sal. Typhimurium, E. coli,  
B. thermosph., S. aures 
Lysozyme activity test 
 
 
 
 
B. thermosph 
L. monocytogenes, S. aureus 
Total aerobes 
M. flavus, L. monocytogenes 
M. flavus 
B. thermosphacta 
Sal. Typhimurium 
Migration test 
Migration test 
L. monocytogenes 
 
 
 
 
 
Moulds 
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Antimicrobials Packaging materials Foods Microorganisms 
Polymers 
Chitosan 
Chitosan, herb extract 
 
 
UV/excimer laser irradiated 
nylon 
 
Natural extract 
Grapefruit seed extract 
Clove extract 
 
 
 
Herb extract, 
Agzirconium 
 
 
 
 
Eugenol, cinnam aldehyde 
 
 
Horseradish extract 
Ally isothiocyanate 
 
 
Oxygen absorber 
Ageless 
BHT 
 
Gas 
Ethanol 
 
 
Hinokithiol 
 
C102
 
Others 
Hexamethylenetetramine 
Silver zeolite, 
Silver nitrate 
Antibiotics 
 
Chitosan/paper 
LDPE 
 
 
Nylon 
 
 
 
LDPE, nylon 
LDPE 
LDPE 
 
 
LDPE 
 
 
 
 
LDPE 
Chitosan 
 
 
Paper 
PE film/pad 
 
 
 
Sachet 
HDPE 
 
 
Silicagel sachet 
Silicon oxide 
(Ethicap) sachet 
Cyclodextrin/plactic 
(Seiwa) sachet 
Plastic films 
 
 
LDPE 
LDPE 
 
PE 
 
Strawberry 
Culture media 
 
 
 
 
 
 
Ground Beef 
Lettuce,soy-sprouts 
Culture media 
 
Lettuce, cucumber 
 
 
 
 
 
Strawberry 
Bologna, ham 
 
 
Ground beef 
Chicken, meats, 
smoked salmon 
 
 
Bread 
Breakfast cereal 
 
 
Culture media 
Bakery 
 
Bakery 
 
 
 
 
Orange juice 
Culture media 
Culture media 
Culture media 
 
E. coli 
Lb. plantarum, E. coli,  
S. cerevisiae, 
Fusarium oxysporum 
S.aureus, Pseudo.  
Fluorescens,  
Enterococcus faecalis 
Aerobes, coli-forms 
 
E. coli, S. aureus 
L. plantarum, E. coli,  
F. oxysporum, 
S. cerevisiae 
E.coi, S.aureus,  
L mesenteroides,  
S. cerevisiae, Asp. spp, 
Pen. spp. 
Firmness 
Enterobac., lactic acid 
bacteria, Lb. sakei 
Serratia spp. 
E. coli O157:H7 
E. coli, S enteritidis,  
L. monocytogenes 
 
 
Moulds 
 
 
 
 
 
 
 
 
Migration test 
 
 
Yeast, lactic acid bacteria 
S. cerevisiae, E. coli,  
S. aureus, Sal. Typhimurium, 
Vibrio parahaemolyticus 
E. coli, S. aureus,  
Sal. Typhimurium,  
Klebsiella neumoniae 
MC: methyl cellulose; HPMC: hydroxypropyl methyl cellulose; WPI: whey protein isolate; CMC: carboxyl 
methyl cellulose; SPI: soy protein isolate  
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Gelatin 
            Gelatin is a protein derived from collagen which is very abundant sources in 
animals like cattle and pigs. Also, it has been widely used to food products to give 
functional properties such as jellying, whipping, stabilization, emulsification, 
adhesiveness, binding and so on. Compared to fish gelatin, mammalian gelatin has higher 
gel strength and higher melting temperature. Despite of disadvantages of fish gelatin 
compared to mammalian gelatin, researchers have been studied fish gelatins in recent 
years because some people do not want mammalian gelatin due to religious prohibition or 
concern about potential disease like bovine spongiform encephalopathy (BSE). 
            Commercial gelatin can be classified by bloom unit. Bloom describes gel rigidity 
or strength and it is generally 90 to 320g (Jones, 1997). Melting temperature of 
commercial gelatin is affected by food ingredient and usually 24 to 33℃ (Jones, 1997).   
            Gelatin can be used as a good carrier for edible films which is prepared by protein 
sources such as casein (Brault et al, 1997), soy protein (Dawson et al, 2002; Pol et al, 
2002; Theivendran et al, 2006), wheat gluten (Teerakarn et al, 2002), whey protein (Cagri 
et al, 2002) and zein (Janes et al, 2002; Padgett et al, 2000). Gelatin based film properties 
are affected by plasticizers. Sorbral et al (2001) reported that sorbitol increased puncture 
deformation and water vapor permeability. Another research compared same polyols as 
plasticizers and they found that diethylene glycol and ethylene glycol were better for 
thermal properties of gelatin films and glycerol was good for functional properties of 
gelatin films (Vanin et al, 2005). Gelatin is used to effective film matrix for combination 
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with antimicrobials to inhibit foodborne pathogens. According to Gill and Holley (2000), 
antimicrobials (nisin + lysozyme + EDTA) incorporated gelatin films inhibited to 
Listeria, E. coli O157:H7 and Salmonella in RTE meat products.  
 
Nisin 
  Nisin is a bacteriocin produced by lactic acid bacteria, lactococcus lactis subsp. 
lactis, under controlled time and temperature. Nisin is a polypeptide containing 34 amino 
acids (Gross and Merell, 1971) (Figure 2.1) with a molecular weight of 3,510 Da. There 
are two natural variants Nisin A and Nisin Z. Nisin Z (Figure 2.2) has one histidine 
residue, whereas nisin A has two histidine residues (Mulders et al., 1991). The nisin 
molecule has both positively and negatively charged regions. The relatively highly 
hydrophobic part is the N-terminal and the hydrophilic part is the C-terminal. But, nisin is 
an overall cationic molecule due to the existence of lysine and histidine residues. Nisin is 
an antimicrobial which was Generally Recognized As Safe (GRAS) in processed cheese 
by the Food and Drug Administration (FDA) in 1988 (GRAS Notice No. 000065, FDA, 
1988).  
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 Figure 2.1. The structure of nisin (Gross and Morell,1971) 
 
 
Figure 2.2. The structure of Nisin Z (Breukink and Kruijff, 1999) 
  Generally, nisin has broad spectrum against gram-positive bacteria but is 
ineffective against gram negative bacteria. However, nisin may inhibit gram negative 
bacteria if the cell membrane of the target bacterium is disrupted or impaired by 
pretreatments such surfactants, heat treatment, or high pressure (Masschalck et al., 2000).  
Use of nisin in food products can be by direct or indirect methods including 
dusting, spraying, coating and films. Single or combination use with other natural or 
synthetic antimicrobial compounds activity may have synergistic antimicrobial effect in 
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various food products such as juice, dairy products, meat products and processed 
products. Nisin can be used for ready-to-eat products such as frankfurters, cooked meats 
and poultry meats at a level of 5.5 milligram per kilogram (FDA, 2000). 
  The suggested mode of action of nisin is by pore formation in the bacterial cell 
membrane. Nisin prevents accumulation of amino acids resulting in a dissipation of 
proton motive force (PMF). Gao et al (1991) found that nisin insertion and pore 
formation in membranes is increased by dissipation of the membrane potential and pH 
gradient in artificial liposome models. Nisin A can form transient multistate pores with 
diameters ranging from 0.2 to 1.2 nm in lipid membranes when trans-negative potentials 
are applied. Such pores would allow the passage of hydrophilic solutes with molecular 
masses up to 0.5 kDa. Other bacteriocidal modes affect the phospholipid composition of 
the membrane.  
  Nisin activity is affected by factors such as pH, aw, temperature, salt content and 
fat concentration. In general, nisin has effective pH range of 3.5 ~ 8.0. Frequency of nisin 
resistance dropped with decreasing pH 6.5 to 5.5 and salt concentration 3.5 to 0.5% at 
10℃ (DeMartinis et al, 1997). It is reported that nisin activity was improved against L. 
monocytogenes when nisin was used with salt as a dipping solution for bologna (Samelis 
et al, 2004). Jung et al (1992) reported that nisin activity is reduced as fat concentration 
of milk increased from 0 to 12.9%. They also found that nisin activity against L. 
monocytogenes is increased by Tween 80. Interaction between phospholipids in fat 
materials of raw milk resulted in loss of nisin activity (Bhatti et al, 2004).  
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Cilantro (Coriandrum sativum) and trans -2- dodecenal 
  Cilantro, a culinary herb, is also known as “Coriander” is harvested from 
coriander’s leaf or stem. Coriander and wild coriander (cilantro) are members of 
Umbelliferae family (Eyres et al, 2005). It has been cultivated in many places such as 
Egypt, India and China. And it is used as a flavoring agent in China, India, Mexico, 
South America and South East Asia (Wong and Kitts, 2006). It is reported that coriander 
extract or it’s oil both have antioxidant properties and a total of 41 volatile compounds 
were found in coriander leaf from GC-MS analysis with 38 of these compounds 
identified (Potter and Fagerson, 1999). Several phenolic compounds such as catechol, 
salicylic acid, glycitin, pyrogallol, gentisic acid, protocatechinic acid, quinic acid and 
caffeic acid were identified from coriander extract (Melo et al, 2005). β-carotene, β-
cryptoxanthin epoxide, lutein-5,6-epoxide, violaxanthin and neoxanthin were isolated in 
ethyl ether extract of coriander by column chromatography (Guerra et al, 2005).  
  It is known that coriander possesses antimicrobial and antifungal activity as well 
as antioxidant activity. Eyres et al (2005) identified E-2-dodecenal from coriander (C. 
sativum) and wild coriander (E. foetidum) by comprehensive two-dimensional gas 
chromatography-time-of-flight mass spectrometry. They found E-2-Dodecenal was the 
major volatile compound (63.47%) in wild coriander. Another research team also 
identified 2(E)-Dodecenal from coriander olreoresin (Singh et al, 2006). Several studies 
showed antimicrobial activity of coriander against gram-positive and gram-negative 
bacteria (Delaquis et al, 2002; Kubo et al, 2004; Wong and Kitts, 2006). Kubo et al 
(2004) found that (2E)-alkenal groups showed inhibition against Salmonella choleraesuis 
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spp. choleraesuis STCC 35640 and their antibacterial effects were increased by an 
additional ethyl group and maximum activity was found with (2E)-Dodecenal (Figure 
2.3). Gill et al (2002) reported that higher concentration of cilantro oil (6%) in gelatin 
gels suppressed LM on ham sausage by dipping compared to no antilisterial effect found 
at lower concentration (0.1% and 0.5%). 
 
 
Figure 2.3. The structure of trans-2-dodecenal (www.sigma-aldrich.com) 
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CHAPTER III 
 
ANTIMICROBIAL EFFECTS OF ADSORBED FOOD GRADE POWDERS 
 
Abstract 
            Bacteriocins effectively inhibit foodborne pathogens via different modes, 
however, it is difficult to retain their full activity in food products because food 
components, processing treatments and storage conditions can block or reduce activity 
rapidly. This has prompted research on retaining antimicrobial activity and the use of new 
techniques to deliver a more controlled release. This study tested the efficacy of food 
grade powders to adsorb antimicrobials (MicroGARD® 100, 200, 300 and nisin), using 
different levels in the adsorbing solution by the agar diffusion technique. MicroGARD® 
series was removed from further testing due to low effectiveness in the adsorption 
system. Antimicrobial activity of nisin adsorbed silica powder against Listeria 
monocytogenes (LM) increased as nisin concentration increased from 200 IU/ml to 600 
IU/ml. No significant increase in inhibition of LM by adsorbed powders at nisin levels 
over 600 IU/ml was found. Residual nisin activity was found in the supernatant of the 
adsorbing solution after centrifugation. Nisin activity of nisin adsorbed corn starch 
powder and corn starch (MELOJEL®) powder increased continuously as nisin solution 
increased from 200 IU/ml to 800 IU/ml and from 200 IU/ml to 400 IU/ml, respectively. 
Retained nisin activity up to 600 IU/ml by MELOJEL® was higher compared to corn 
starch. MELOJEL® had higher antilisterial effect than corn starch after adsorption the 
600 IU/ml. However, inhibition by both corn starches against LM was relatively weak 
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compared to silica. The optimal concentration of nisin adsorbed silica was 600 IU/ml and 
the highest adsorption rate of nisin was also at 600 IU/ml based on thermogravimetric 
analysis.   
 
Introduction 
            Consumer demand for food quality and safety has prompted increased awareness 
of food safety since foodborne pathogens directly affect human health. These pathogens 
can cause human illness from consumption of foods tainted by cross contamination, poor 
hygiene and/or improper handling.  
            According to Mead et al (1999), based on CDC data from 1983 to 1997, total 
estimated illnesses were 38.6 million cases each year and 5.2 million cases were caused 
from foodborne pathogens such as Campylobacter spp. Listeria, E. coli and Salmonella 
spp. and these bacteria were major causes of human death. In 2004, 19 deaths were 
reported by FoodNet (www.cdc.gov/foodnet) and Listeria was recorded as the highest 
fatality rate (16%) among the other pathogens such as Campylobacter, Cryptosporidium, 
Vibrio, STEC O157, Shigella and Yerisinia.  
            Antimicrobials can inhibit foodborne pathogens and act as one food safety hurdle 
in food systems. Nisin has been used in different foods such as cheese (Capellas et al, 
2000; Davis et al, 1997; Samelis et al, 2003), fruit beverages (Yuste and Fung, 2004) and 
meat products (Cutter and Siragusa, 1998; Ming et al., 1997; Nattress et al., 2001,) to 
inhibit bacteria and has been commercially produced since 1953 (Delves-Broughton, 
2005). Nisin, a 34-residue peptide, is an antimicrobial produced by Lactococcus lactis 
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(Roller, 2000) and is very effective against gram-positive bacteria which include Listeria 
monocytogenes (LM). If any antimicrobial agents are added directly to foods, their 
activity might be lost quickly because of interaction with food components or processing 
(Liu and Hansen, 1990) that interfere or react with nisin. To maintain antimicrobial 
activity effectively for more extended time periods or for a delayed action, controlled 
release would be a very useful technique. Food grade powders can adsorb antimicrobial 
agents and can be used as a carrier due to their porous structure. To optimize activated 
food powders, it is necessary to evaluate and compare adsorbed antimicrobials onto 
different food grade powders. Through the results of this study, it will be possible to 
more effectively targeted products.  
            From the previous research (Dawson et al., 2005), CP-65 (silica) was chosen 
based on it’s efficiency to adsorb and release antimicrobial activity and corn starch was 
selected due to its widespread use as a low cost film coating. In addition, two modified 
corn starches were compared for their efficacy of adsorption and release of nisin 
antimicrobial activity. The objectives in this research were to compare antimicrobial 
activity of antimicrobial adsorbed powders, to compare which adsorbents were most 
effective, to determine the optimal concentration in the adsorption solution for optimal 
activity of the adsorbed powders, and to determine the inhibitory effect of antimicrobial 
adsorbed food grade powders against foodborne pathogens. 
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Materials and Methods 
 
Antimicrobials 
            Four commercial antimicrobials (Nisaplin® (Nisin), MicroGARD® 100, 200 and 
300) were used for preliminary testing. All antimicrobials were purchased from Danisco 
(UK). Minimum activity of nisin was 1000 IU per mg. MicroGARD® 100, cultured 
grade A skim milk and off-white free flowing powder, contains natural metabolites. 
MicroGARD® 200, cultured dextrose and off-white free flowing powder, contains 
fermentation metabolites of dairy cultures. MicroGARD® 300, cultured grade A skim 
milk and off-white free flowing powder, contains fermented metabolites of dairy cultures.  
 
Adsorbents 
            Silica (Celpure P65), general corn starch and two modified corn starch 
(MELOJEOL® and ULTRA-TEX® 1, National Starch & Chemical, Bridgewater, New 
Jersey) were used as adsorbents. The efficacy of these adsorbents for nisin was evaluated. 
Celpure P65 (Sigma Aldrich Co. Saint Louis, Missouri), 0.2 ~ 0.4 micron range, is a filter 
agent and pharmaceutical grade (Diatomaceous earth). Corn Starch, anti set-off powder 
and 25~35 micron range was obtained from Varn Products Company Inc. (Oakland, New 
Jersey). MELOJEOL®, a powder form food grade starch, is applied to cooked products 
such as creams, custard fillings, puddings and icings. ULTRA-TEX® 1, a white, food 
grade powder, is used in instant food preparations such as bakery cream fillings, 
sauces and dry mixes.  
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 Antimicrobial activity of commercial antimicrobials 
            One Gram-positive bacteria (L. monocytogenes ATCC15313) and two Gram-
negative bacteria (E. coli O157:H7 and Salmonella Typhimurium) were used as test 
organisms to compare antimicrobial activities of three antimicrobials (MicroGARD® 
100, MicroGARD® 200 and MicroGARD® 300) via agar diffusion assay. In comparison 
tests, nisin was removed because it is known that nisin is not effective against Gram-
negative bacteria and concentration units were different for MicroGARD®. The LM was 
inoculated in brain heart infusion broth (Difco Laboratories, Detroit, MI), and incubated 
at 37℃ for 16~18 hours before use. E. coli O157:H7 and Salmonella Typhymurium were 
inoculated in tryptic soy broth (Difco Laboratories, Detroit, MI), and incubated at 37℃ 
for 16~18 hours before use. The test organism from the broth culture was inoculated (0.4 
ml) into 20 ml soft agar to provide an approximate final concentration of 106 - 107 
CFU/ml. Twenty ml of brain heart infusion (BHI) agar with 0.1% Tween 20 and tryptic 
soy agar (TSA) with 0.1% Tween 20 were poured into Petri dishes and allowed solidify 
under a bio safety hood. After solidifying, Petri dishes were placed under refrigeration 
(4℃±2) for 10 minutes then returned to the bio-hood again and bored to create 7mm-
diameter wells. Four holes were bored in each plate. Antimicrobial activities of three 
antimicrobials at several concentrations (0.75%, 1.5%, 3%, and 6%) and by direct dusting 
were investigated. A 50ul aliquot of each concentration solution was dispensed into each 
hole and incubated at 37℃ for 48 hours. The inhibition zone or clear zone was measured 
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by micro caliper. For direct dusting, 0.05g of powder in sterile filter paper was carefully 
placed on the top of plates and incubated at 37℃ for 48 hours before the clear zone was 
measured by micro caliper.  
 
Preparation of antimicrobial adsorbed food grade powders 
            Each antimicrobial adsorbed powder was prepared by following procedures 
(Figure 3.1). In the nisin experiment, one gram of nisin was dissolved into 1000 ml of 
sterile water for 30 minutes for stock solution resulting in a 1000 IU/ml concentration in 
the stock solution. Prepared stock solution was diluted concentration with sterile water to 
obtain the experimental concentrations. Two hundred ml of each nisin concentration 
solution with 1.5g adsorbent is stirred for 30 minutes. To prevent any contamination or 
loss of nisin activity during preparation, diluted nisin solution was stirred in the 
centrifuge tube directly and centrifuged at 12,000 ×g for 10 minutes. After centrifuging, 
supernatant was decanted carefully and pellet was dried at 50℃ for 4 hours then dried 
30℃ for 18 hours. The dried pellet was collected in a sterile glass vial using a sterile 
spatula and stored in desiccator at  4℃±2 before use.   
 
Antilisterial activity of nisin-adsorbed food grade powders 
            Nisin adsorbed silica and corn starch powders were created by an adsorption 
method from solutions of varying concentrations. The activity of nisin preparations were 
expressed in International Units (IU). Standard solutions were prepared by dilution of the 
stock solution (1000 IU/ml) using sterile distilled water. The standard curve dilution 
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points were 200, 400, 600, 800, and 1000 IU/ml. Before adsorption of antimicrobials onto 
powders, the antimicrobial adsorption solution was used to establish a standard curve 
using the inhibition zone versus log nisin activity concentrations (2.3, 2.6, 2.78, 2.9 
and 3) relationship. Inhibition zone was calculated as follows;  
Inhibition zone = Diameter of target bacteria killing zone (mm) – 7 (mm) / 2 
            The R2 of standard curve of nisin solution was 0.99 (Figure 3.2). pH of nisin 
solution was 4.75 – 4.14 (Figure 3.3). As stated earlier, two adsorbents, silica and corn 
starch were chosen for nisin adsorbed powders based on additional modified corn 
starches were tested as nisin adsorbed powders. Antimicrobial activity of each 
concentration of nisin adsorbed food grade powder was evaluated by agar diffusion 
method (Wolf and Gibbon, 1996). Each culture was aerobically incubated in brain heart 
infusion broth at 37 ºC for 16 ~ 18 hours with moderate shaking. A 0.4 ml aliquot of 
broth culture was mixed into 20 ml of Brain Heart Infusion Agar (BHA) solution with 
0.1% Tween 20 and Tryptic Soy Agar (TSA) with 0.1% Tween 20 solution, respectively. 
Mixed solutions were poured into sterile Petri dishes and solidified for 10 minutes in the 
refrigeration and transferred to bio-hood. Wells were bored into the agar as previously 
described for antimicrobial activity of commercial antimicrobial preparations. A 100 mg 
of nisin-adsorbed powder was dissolved into 10 ml of sterile water and stirred for 30 
minutes. A 50 ul of solution were dispensed into each hole and incubated at 37 ºC for 48 
hours then inhibition zone or clear zone was measured by micro caliper.  
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Antimicrobial activity of supernatant after centrifugation 
            Supernatant was collected after the centrifugation of dissolving solution 
(antimicrobial and adsorbent in sterile water) to evaluate antimicrobial activity before 
decanting and evaluated antimicrobial activity. Bacterial cultures were prepared the same 
as previously described for antilisterial activity of nisin-adsorbed food grade powders. A 
50 ul of the supernatant was dispensed into each hole of BHI agar which is grown L. 
monocytogenes (107 CFU/ml) and incubated at 37 ºC for 48 hours. Inhibition zone was 
measured by micro caliper. Antimicrobial activity of supernatants from antimicrobial 
adsorbed powders was measured by the same agar diffusion method used for nisin 
adsorbed powders.  
 
Comparison of different food grade powders for nisin 
            Adjusted dilutions (200, 400, 600, 800, 1000 IU) from nisin stock solution and 
each food grade powder into sterilized water were dissolved in a sterile centrifuge tube. 
The solution was stirred at room temperature for 30 minutes and centrifuged at 12,000×g 
for 10 minutes. After centrifuging, the supernatant was decanted and the pellet was dried 
at 50℃ for 4 hours then dried continuously at 30℃ for 18 hours. Finally, the dried 
powder was collected using a sterile spatula and stored in a sterile glass vial in a 
desiccator at 4℃ before use. Nisin-adsorbed powder activity and supernatant activity 
against L.monocytogenes was determined by the same procedure used for nisin-adsorbed 
silica activity.   
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Thermogravimetric analysis (TGA) of nisin adsorbed silica powder 
            To measure the amount of adsorbed nisin onto silica powder, thermogravimetric 
analysis was performed using a TGA (TA 2950, TA instruments, New York, USA). The 
sample heating profile was as follows;   
Table 3.1. Heating profiles of TGA 
Time 
(min) 
Temp. 
(℃) 
Heating rate 
(℃/min) 
0 ~ 150 50 ~ 800 5 
150 ~ 180 800 0 
180 ~ 189 800 ~ 845 5 
 
Weight loss of various powders is transferred to percentage scale to compare various 
powders and initial weight is considered as 100 % of weight. 
 
Statistical Analysis 
            Different concentrations of antimicrobial-adsorbed powders and supernatants 
were used as treatments. Experiments were performed in triplicate and data were 
analyzed using the general linear models procedure in SAS software program (Statistical 
Analysis System Institute Inc., Cary, NC). Multiple mean comparisons among the 
treatments were carried out by the least square difference (LSD) method.  
 
Results and Discussion 
            Nisin (Nisaplin®) was the basic antimicrobial used in this study and other 
antimicrobials were compared to nisin. Three MicroGARD® (100, 200 and 300) powders 
were compared for their antimicrobial activities at four different concentrations with 
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0.75, 1.5, 3.0 and 6 % to determine their activities and to select most effective 
antimicrobials against LM, E. coli O157:H7 and Salmonella Typhimurium (Table 3.2). 
Also, their activities were compared by direct dusting onto agar that contains each 
pathogen and inoculated at 107 CFU/ml. 
            All concentrations and direct dusting (0.05g) of MicroGARD® 100 did not inhibit 
any of the three pathogens. Also, MicroGARD® 200 had no antimicrobial effect against 
LM, E. coli O157:H7 and Salmonella Typhimurium with very weak inhibition against 
Salmonella Typhimurium when MicroGARD® 200 was tested by direct dusting. Two 
higher levels (3 % and 6 %) of MicroGARD® 300 showed inhibition against LM while 
there was no inhibition against E. coli O157:H7 and Salmonella Typhimurium. 
MicroGARD® 100 and 200 are effective against gram-negative bacteria, however no 
detectable antimicrobial effects were found for gram-negative bacteria in this study. This 
lack of effect might be caused from use of high inoculum levels or the specific gram-
negative bacteria tested. According to Al-Zoreky et al (1990), Microgard™ were very 
effective against several gram-negative bacteria such as Pseudomonas putida, 
Pseudomonas aeruginosa, Achromobacter delicatulus, Salmonella Paratyphi, Salmonella 
Typhimurium, Yersinia enterocolitica and Aeromonas hydrophila but no inhibition effect 
was detected against Escherichia coli. Zuckerman and Ben Avraham (2002) studied 
antilisterial effects of two different levels of Microgard™ (5% and 10%) alone and 
combination with nisin on fresh salmon at 6℃ during storage. They found Microgard™ 
alone maintained initial level of LM up to 8 days but did not show any reducing effect 
while nisin alone or the combination with nisin and Microgard™ suppressed bacterial 
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growth.  Since antimicrobial activity of MicroGARD® 300 adsorbed silica powder 
solution inhibited LM only at 5%, it was thought that MicroGARD® was not appropriate 
for adsorption onto silica or corn starch especially when compared to nisin. Thus, this 
antimicrobial  powder was not included in additional adsorption studies. 
 
Antimicrobial adsorbed food grade powders against LM 
            Antimicrobial activity of nisin adsorbed silica powder against LM increased 
continuously as concentration of the adsorption solution increased from 200 IU/ml to 600 
IU/ml. There was residual activity found in the supernatant after centrifugation and 
removal of powder over 600 IU/ml of nisin (Table 3.3) and no significant increase in 
inhibition against LM at over 600 IU/ml was found. At 600 IU/ml, retained nisin activity 
was the highest (87.0%) of original standard solution. Therefore, it is suggested that silica 
can be very effective adsorbent for adsorption and controlled release of nisin and porous 
structure of silica might help to adsorb nisin. Branova et al (1983) reported that certain 
correlation is existed between nisin adsorption and pore size of silica or silica gel. They 
found optimal pore size of silica for highest nisin adsorption was 50 to 75 nm. According 
to Lakamraju et al (1995), adsorption rate of nisin is related to the hydrophobicity of a 
silica surface. They reported that adsorbed nisin onto hydrophobic surfaces was more 
than that of hydrophilic surfaces. Also, they found nisin adsorption is depends on 
proteins. Nisin activity on high hydrophobicity surfaces was greater than that found on 
low hydrophobicity surfaces (Bower et al, 1995).  
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            From previous research (Dawson et al, 2005), adsorption rate of nisin onto corn 
nativestarch was lower than silica. Three Corn starches (Corn Starch [CS], MELOGEL®, 
[ML] and Ultra-TEX® 1, [UT]) were tested to determine if any improvement in nisin 
adsorption rate could be found with modified corn starches. As in the adsorption study, 
200, 400, 600, 800 and 1000 IU/ml of nisin adsorption solutions were used. As shown in 
Figure 3.4, UT adsorbed powder did not maintain inhibition activity using the same 
treatment used to adsorb nisin onto corn starch. Thus, it was thought UT is not 
appropriate for powder formation with nisin and finally removed from the corn starch 
samples. Therefore, two corn starches, CS and ML, were compared for their abilities to 
retain nisin activity against LM in the powder form. Antilisterial activity of nisin 
adsorbed CS increased as concentration increased from 200 to 800 IU/ml in the 
adsorption solution (Table. 3.4). At 200IU/ml, maximum retained activity (40.4%) was 
recorded. However, the relative activity of nisin at different levels was not as strong as 
the activity of silica powders and there was a high loss of activity (59.6 ~ 75.9 %) to the 
supernatant. Antimicrobial activity of nisin adsorbed ML decreased as nisin 
concentration increased and antimicrobial activity in supernatant is also increased as 
concentration increased (Table 3.5). There was no increased activity of the pellet over 
400 IU/ml. From 400 to 1000 IU/ml, total activity (pellet + supernatant) was higher than 
original nisin solution activity due to large deviations in supernatants activity. With a 200 
IU/ml nisin solution, adsorption rate of ML (55.2 %) was higher than CS (40.4%). 
However, both corn starches showed decreasing inhibition with gradient concentration of 
nisin and adsorption rate of ML was relatively greater than CS at the same levels of nisin. 
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In a 1000 IU/ml of nisin solution, CS adsorbed more nisin than ML (Figure 3.5) and 
antilisterial activity of supernatant of ML was higher than that of CS (Figure 3.6) Based 
on this data, ML might be useful as an adsorbent for nisin at lower concentrations 
although this corn starch lost much activity in the supernatant. 
 
Thermogravimetric analysis (TGA) of nisin-adsorbed silica      
            Generally, researchers (Bower et al, 1995 and Lakamraju et al, 1995) have used 
an ellipsometer to obtain general mass change of nisin by observing optical values.  
However, in this study, TGA instrument was used for measuring the amount of adsorbed 
nisin amount in silica because the dried sample can be more accurately determined by 
TGA due to measurement of weight during elevation of temperature. Weight change of 
nisin without silica gradually decreased as temperature increased and completely burned 
at 800℃. Silica weight did not decrease at 800℃ as much as nisin and less change in 
weight was recorded. The weight of various concentrations of nisin adsorbed onto silica 
powder decreased as temperature increased and showed similar trends in weight change 
(Figure 3.7). TGA graphed powder weight profiles differed with nisin concentrations. 
Since the weight change of the lowest concentration of nisin adsorbed silica powder was 
greater than that of silica, the amount of nisin adsorbed onto silica could be calculated. 
Final weight percent of nisin-silica, 200, 400, 600, 800 and 1000 IU/ml treatments were 
1.37, 98.96, 98.17, 97.42, 96.88, 96.86 and 96.12%, respectively.. Two concentrations, 
600 and 800 IU/ml, showed very similar weight loss. At 800℃, weight loss of each 
powder was 47.3% (pure nisin), 0.28% (silica), 0.38% (200 IU/ml), 0.46% (400 IU/ml), 
 42
0.55% (600 IU/ml), 0.40% (800 IU/ml) and 0.44% (1000 IU/ml). The highest weight loss 
percent of nisin adsorbed powder was at 600 IU/ml at 800℃ compared to other 
concentrations. Interestingly, these data support the antimicrobial activity results 
measured by inhibition zone of nisin adsorbed silica powder solution. This supports the 
conclusion that the most efficient concentration of nisin adsorption solution onto silica 
was 600IU/ml.  
 
Conclusions 
            In comparison of antimicrobials, MicroGARD® 100, 200 did not inhibit the three 
foodborne pathogens. MicroGARD® 300 showed inhibition against LM. However, this 
effect was not as strong as nisin (Nisaplin®) at the same concentration. It was determined 
that 600 IU is the optimal concentration for nisin adsorbed silica powder due to 
maximum retention of antimicrobial activity against LM, minimum loss of activity to the 
supernatant and the TGA result showing maximum % weight retention of nisin. The 
maximum retention level for CS (40.4%) and modified CS (55.2%) was at 200 IU/ml of 
nisin. However, both corn starches nisin activity at each concentration was weaker than 
the activity of silica nisin.  
 
 
 
 
 
 43
References 
Al-Zoreky, N., Ayres, J.W., and Sandine, W.E. 1991. Antimicrobial activity of 
            Microgard™ against food spoilage and pathogenic microorganisms. Journal of    
            Dairy Science. 74:758-763.  
Bower, C.K., McGuire, J., and Daeschel, M.A. 1995. Suppression of Listeria  
            monocytogenes colonization following adsorption of nisin onto silica surfaces.  
            Applied and Environmental Microbiology. 992-997.  
Branova, I.P., Grushina, V.A., Nikitin, I.S., Egorov, N.S., and Polin, A.N. 1983. Nisin 
            adsorption on silica adsorbents. Antibiotiki. 28:258-262.  
Capellas, M., Mor-Mur, M., Gervilla, R., Yuste, J., and Guamis, B. 2000. Effect of high 
            pressure combined with mild heat or nisin on inoculated bacteria and mesophiles  
            of goat’s milk fresh cheese. Food Microbiology. 17:633-641. 
Cutter, C.N. and Siragusa, G.R. 1998. Incorporation of nisin into a meat binding system  
            to inhibit bacteria on beef surfaces. Lett. Appl. Microbiol. 27:19-23. 
Davis, E.A., Bevis, H.E., and Delves-Broughton, J. 1997. The use of the bacteriocin, 
            nisin, as a preservative in ricotta-type cheeses to control the food-borne pathogen  
            Listeria monocytogenes. Lett. Appl. Microbiol. 24:343-346. 
Dawson, P.L., Harmon, L., Sotthibandhu, A., and Han, I.Y. 2005. Antimicrobial activity 
            of nisin-adsorbed silica and corn starch powders. Food Microbiology. 22:93-99. 
Delves-Broughton, J. 2005. Nisin as a food preservative. Food Australia. 57:525-527. 
 
 
 44
Lakamraju, M., McGuire, J., and Daeschel, M. 1995. Nisin adsorption and exchange with  
            selected milk proteins at silanized silica surfaces. Journal of Colloid and Interface  
            Science. 178:495-504. 
Liu, W. and Hansen, J.N. 1990. Some chemical and physical properties of nisin, a small- 
            protein antibiotic produced by Lactococcus lactis. Applied Environmental  
            Microbiology. 56:2551-2558. 
Mead, P.S., Slutsker, L., Dietz, V., McCaig, L.F., Bresee, J.S., Shapiro, C., Patricia M., 
            Griffin, P.M., and Tauxe, R.V. 1999. Food-related illness and death in the united 
            states. Emerging Infectious Diseases. 5:607-625. 
Ming, X., Weber, G.H., Ayres, J.W., and Sandine, W.E. 1997. Bacteriocins applied to 
            food packaging maeterials to inhibit Listeria monocytogenes on meats. Journal of  
            Food Science. 62:413-415. 
Nattress, F.M., Yost, C.K., and Baker, L.P. 2001. Evaluation of the ability of lysozyme 
            and nisin to control meat spoilage bacteria. International Journal of Food 
            Microbiology. 70:111-119. 
http://www.cdc.gov/foodnet/annual/2001/2001annualreport_pdf.pdf
Samelis, J., Kakouri, A., Rogga, K.J., Savvaidis, I.N., and Kontominas, M.G. 2003. 
            Nisintreatments to control Listeria monocytogenes post-processing contamination 
            on anthotyros, a traditional Greek whey cheese, stored at 4°C in vacuum packages.  
            Food Microbiology. 20:661-669. 
SAS, 2007. SAS Institute Inc. Cary. NC. Release 9.01.  
 
 45
Wolf, C.E. and Gibbon, W.R. 1996. Improved method for quantification of the baceriocin 
            nisin. Journal of Applied Bacteriology. 80:453-457. 
Zuckerman, H and Avraham, R.B. 2002. Control of growth of L. monocytogenes in fresh 
            salmon using microgard™ and nisin. Lebensm.-Wiss. u. –Technol. 35:543-548.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 46
Table 3.2. Inhibition effect of MicroGARD® powders by agar diffusion assay against 
L. monocytogenes, Salmonella Typhimurium and E. coli 0157:H7 at the level of 107 
CFU/ml respectively 
 
 
 
 
Antimicrobials  Listeria monocytogens 
Salmonella 
Typhimurium 
E. coli 
0157:H7 
MicroGARD® 100 
Dusting 
6% 
3% 
1.5% 
0.75% 
－ 
－ 
－ 
－ 
－ 
－ 
－ 
－ 
－ 
－ 
－ 
－ 
－ 
－ 
－ 
MicroGARD® 200 
Dusting 
6% 
3% 
1.5% 
0.75% 
－ 
－ 
－ 
－ 
－ 
Very weak 
－ 
－ 
－ 
－ 
－ 
－ 
－ 
－ 
－ 
MicroGARD® 300 
Dusting 
6% 
3% 
1.5% 
0.75% 
+ 
+ 
+ 
－ 
－ 
－ 
－ 
－ 
－ 
－ 
－ 
－ 
－ 
－ 
－ 
+: Positive; － Negative 
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Table 3.3. Nisin activity retained by silica (CP65) and remaining in the supernatant after 
adsorption in solutions containing various levels of Nisaplin® 
 
 
 
Nisin activity 
(Solution) 
(IU) 
CP-65 nisin activity 
(IU/ml) 
Activity remaining in 
supernatant after 
adsorption (IU/ml) 
Activity not 
accounted for 
(IU) 
200 117.2 ± 6.8c1) (58.6%) 0c -82.8 
400 268.8 ± 11.7b (67.2%) 0c -131.2 
600 522.2 ± 11.5a (87.0%) 9.7 ± 1.1c (1.6%) -68.0 
800 522.2 ± 11.5a (65.3%) 130 ± 11.8b (16.3%) -147.8 
1000 529.1 ± 20.3a (52.9%) 465.7 ± 20.9a (46.6%) -5.2 
a - c Values with different superscripts at same column are significantly different (P<.05). 
1) Mean ± Standard deviation 
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Table 3.4. Nisin activity retained by corn starch(CS) and remaining in the supernatant 
after adsorption in solutions containing various levels of Nisaplin® 
 
 
 
Nisin activity 
(Solution) 
(IU) 
Corn Starch nisin activity 
(IU/ml) 
Activity remaining in 
supernatant after 
adsorption (IU/ml) 
Activity not 
accounted for 
(IU) 
200 80.7 ± 1.9d1) (40.4%) 0c -119.3 
400 119.2 ± 1.8c (29.8%) 0c - 280.8 
600 144.8 ± 1.7b (24.1%) 0c - 455.2 
800 205.7 ± 1.0a (25.7%) 77.7 ± 4.6b (9.7%) - 516.6 
205.7 ± 1.0a (20.6%) 135.7 ± 2.1a (13.6%) 1000 - 658.6 
a - d Values with different superscripts at same column are significantly different (P<.05). 
1) Mean ± Standard deviation 
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Table 3.5. Nisin activity retained by corn starch (MELOJEL®) and remaining 
in the supernatant after adsorption in solutions containing various levels of Nisaplin® 
 
 
 
Nisin activity Activity remaining in 
supernatant after 
adsorption (IU/ml) 
(Solution) 
(IU) 
MELOJEL® nisin activity 
(IU/ml) 
Activity not 
accounted for  
(IU) 
200  110.3 ± 2.9b1) (55.2%) 80.9± 17.4e (40.5%) - 8.8 
400  170.9 ± 0a (42.7%) 246.4 ± 21.7d (61.6%) + 17.3 
600  170.9 ± 0a (28.5%) 511.9 ± 74.5c (85.3%) + 82.8 
800  170.9 ± 0a (21.4%) 655.0 ± 70.9b (81.9%) + 25.9 
 170.9 ± 0a (17.1%) 895.1 ± 67.4a (89.5%) 1000 + 66.0 
a - d Values with different superscripts at same column are significantly different (P<.05). 
1) Mean ± Standard deviation 
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Figure 3.1. Diagram of the nisin adsorption procedure onto food grade powder 
 
 
 
1g of nisin into 1000 ml sterile water for stock solution 
▼ 
 
200 ml nisin dilution + 1.5g of adsorbent 
 ▼ 
Stir at room temperature for 30 min. 
▼ 
Centrifuge at 12, 000 g for 10 min. 
▼ 
Supernatant decanted & dried at 50℃ for 4 hr then need at 30℃ for 18 hrs. 
▼ 
Dried powder in sterile glass vial in desiccator until use 
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Figure 3.2. Standard curve of nisin solution 
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Figure 3.3. pH of nisin solution 
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Figure 3.4. Nisin adsorbed Ultra-TEX® 1 after drying 
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Figure 3.5. Inhibition zone of 1000 IU nisin-adsorbed Melojel® (Left) and corn starch 
powder (Right) against 107 CFU/ml of L. monocytogenes. 
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Figure 3.6. Inhibition zone of supernatant of 1000 IU nisin adsorbed MELOJEL (top) 
and corn starch powder (bottom) and against 107 CFU/ml of L. monocytogens. 
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Figure 3.7. Retained weight (%) of various powders during heat treatment by TGA. 
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CHAPTER IV 
 
ANTIMICROBIAL GELATIN FILM PROPERTIES AND ACTIVITY  
AGAINST LISTERIA MONOCYTOGENES 
 
Abstract 
            Cast gelatin-based antimicrobial films were used to inhibit Listeria 
monocytogenes (LM) in a liquid medium, solid medium and on bologna. Gelatin was 
used as a carrier and glycerol was used as a plasticizer. Nisaplin® and Guardian® CS1-
50 were used as antimicrobials. For the liquid medium, each film (5.5 cm × 5.5 cm) was 
submerged in peptone solution containing Listeria monocytogenes (106 cfu / ml). 
Nisaplin® films (0.025, 0.05, 0.1, 0.2, 0.35 and 0.5 %) were tested at 0, 1, 2, 4, 6 and 8 
hours, and Guardian® films (0.5, 1, 2 and 3 %) were tested at 0, 2, 4, 8, 12 and 24 hours, 
respectively. For the solid medium, Circular Nisaplin® films (0.05, 0.2, 0.35 and 0.5%), 
and Guardian® films (1, 2, 3 and 4%) were tested by an agar diffusion assay. Color 
properties and antimicrobial effects were measured during storage at 21℃±2. For the 
shelf-life study on bologna, color change and antimicrobial effect of 0.5% Nisaplin® and 
1% Guardian® was measured. The intensity of yellowness in films increased as both 
Nisaplin® and Guardian® concentrations increased. Film tensile strength decreased as 
incorporation of antimicrobials increased and % elongation increased as antimicrobial 
concentration decreased. All six Nisaplin® films showed a 3-log reduction after 1 hour 
compared to control in which there was no reduction, and showed a 6-log reduction 
within 6 to 8 hrs. All four Guardian® films showed at least a 1-log reduction after 2 hrs 
in liquid media, and only two Guardian® films (0.5 and 1%) showed approximately a 3-
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log reduction in 24 hrs. In solid media, all Nisaplin® films (except 0.05 %) and all 
Guardian® films inhibited Listeria monocytogenes after 48 hrs of incubation. Nisaplin® 
films and all Guardian® films still showed antilisterial effects after 16 weeks of storage 
in the solid media. For the shelf-life study on bologna, 5000 IU Nisaplin® film and 1% 
Guardian® was used. Total color difference compared to control was higher in following 
order; 1% Guardian > Control > 0.5% Nisaplin® film > Bologna. Both 0.5% Nisaplin® 
film and 1% Guardian® film effectively inhibited Listeria monocytogenes on bologna 
during storage at  4℃ for 56 days. 
 
Introduction 
            Listeria monocytogenes (LM), a gram positive, is a foodborne pathogen that 
causes major concerns for public health (Jay, 2005). This pathogen causes listeriosis, a 
disease that has a high mortality rate especially in pregnant women, newborn infants and 
immunocompromised person. In recent years, USDA-FSIS is attempting to reduce LM in 
ready to eat foods, but outbreaks caused by LM are still occurring every year because it is 
difficult to eliminate LM due to its ability to grow at refrigeration temperatures and in a 
wide pH range (Russel and Gould, 2003). In addition, physical states (liquid and solid 
type) of food products can be an important factor to growth of pathogen and 
antimicrobial activity. Ready-to-eat products can be more vulnerable from the cross 
contamination due to the multiple steps in food processing. Listeria contamination of 
ready-to-eat foods can be happen from equipments such as brine chill chambers, hoppers, 
slicers, peelers conveyors and packaging machines (Tompkin, 2002). 
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            Antimicrobials have been used to remove or reduce bacterial in food products in 
various ways including direct addition (Nattress et al, 2001), coating (Gill and Holley, 
2000) and packing (Eswaranandam et al, 2004; Janes et al, 2002). Also, their activity 
against foodborne pathogen has been tested in model systems (Lungu and Johnson, 2005) 
and foods. The application of antimicrobial edible films in different types of food 
products will inhibit spoilage and pathogenic microorganism from post or cross 
contamination (Aguado et al, 2001; Cagri et al, 2004).  
            In this study, two commercial antimicrobials, Nisaplin® and Guaridan®, were 
incorporated in edible gelatin film to study their effectiveness against LM in liquid media 
and solid media and on bologna.   
 
Materials and Methods 
Antimicrobials 
        Nisaplin® and Guardian® CS1-50 were supplied by Danisco (UK). Minimum 
concentration of Nisaplin® was 1000 IU per mg. Guardian® is a cultured sugar product 
that contains natural metabolites. Nisaplin® is natural antibacterial which is a 
polypeptide produced by strains of Lactococcus lactis subsp and recommended dosage of 
Nisaplin® is in the range 25~500mg per kg. Guardian® CS1-50 is a cultured sugar 
product that contains natural metabolites. 
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Film Preparation 
            Each film was made by casting. Five g of gelatin (Rousselot, IA, USA) and 1g of 
glycerol were dissolved in 100ml of distilled water. This film solution was poured onto a 
level glass plate (25 × 25 cm) with a laminated Teflon sheet and dried at 21℃ ± 2 for 16 
hours. After drying, each film was peeled from the plate. Added amounts of Nisaplin® in 
films were 0.025, 0.05, 0.1, 0.2, 0.35 and 0.5g, respectively. Amounts of Guardian® were 
0.5, 1, 2, 3 and 4g. Each film weight and concentration is showed in Table 
4.1. Gelatin-based Nisaplin® film is described as ‘GNF’ and gelatin-based Guardian® 
film is described ‘GGF’. 
 
Color measurements of antimicrobial films 
            Color of bologna surface without antimicrobial films and color of bologna 
covered antimicrobial film were measured using a Minolta Chroma Meter (CR-400, 
Minolta Corporation, Ramsey, NJ). The CIE (Commission Internationale de l’Eclairage – 
the International Commission on Illumination) L*, a*, b* color space values were used to 
quantitate surface color. CIE L*, a*, b* were measured at 0, 1, 3, 7, 14, 21, 28, 42, 56 
days. Measurements were taken in triplicate and total color difference (∆E) were 
calculated as follows; 
∆E = [(L*-L*ref)2 + (a*- a*ref)2 + (b* - b*ref)2]1/2
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Mechanical properties of antimicrobial films 
            Instron (SATEC Model No. T1000 Material Testing System, Instron., Co., USA) 
was used to measure tensile strength (TS) and percent elongation (%E) at break by 
ASTM Standard Method (ASTM, 1999). Tensile strength samples, 1.53 cm × 10 cm were 
cut and film thickness was measured using a digital micrometer (Precision micrometer, 
Testing Machines Inc., USA). Testing speed was 100 mm/min. TS and percent elongation 
at break were calculated by Bluehill2 software system (Version 2.52, Instron, Co., USA).  
 
Oxygen permeability 
            Oxygen permeability (OP) was measured using a MOCON OXTRAN 1000 
permeability tester (Modern Controls, Inc., USA) according to the American Society of 
Testing and Materials Standard (ASTM, 1995) Method D3985 (ASTM 1995). Testing 
was performed at 25℃ in a 50% RH condition and gas flow rate was fixed at 10 ml/min. 
Oxygen transmission rate (OTR) was measured in film and expressed as ml 
O2/m2·day·atm and it was recorded three times to get the mean value. Multiplying these 
values by film thickness provided oxygen permeability. Film thickness was measured 
immediately upon removal of the film sample from the testing cell using a digital 
micrometer (Precision micrometer, Testing Machines Inc., USA). 
 
Water vapor permeability 
            A MOCON Permatran-W3/31WaterVapor Permeation Measurement System 
(Modern Controls Inc., USA) with an IR detector was used to measure and analyze the 
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water vapor transmission rate 25℃ and 50% RH according to ASTM F1249 (ASTM, 
1992). The test film was masked with aluminum foil giving 5 cm2 test area and placed the 
two test cells. Carrier gas, N2, was passed through HPLC grade water to adjust the RH 
and flowed into the test cell. As the water vapor diffused through the test film, it was 
carried by nitrogen carrier gas to the detector, and the water vapor transmission rate 
(WVTR) was continuously recorded. The nitrogen gas flow was set at 100 sccm 
(standard cubic centimeters per minute). The permatran response was calibrated using a 
reference film provided by the manufacturer. Water vapor permeability coefficient 
(WVP) was calculated according to WVP (g·m/m2·day·atm) = WVTR × (film 
thickness/difference in partial pressure of vapor (ΔP)). P was 1 atm in this study. 
 
Antilisterial activity in the liquid media 
            L. monocytogenes ATCC15313 (LM) was the test organism to determine 
antimicrobial activity. Each square antimicrobial film (5.5cm × 5.5cm) was submerged 
into 15ml 0.1% peptone solution containing LM (106 CFU / ml) and was continuously 
mixed by orbit shaker (Melose park, IL) at 50 rpm. Antimicrobial activity of GNF was 
measured up to 8 hours and antilisterial activity of GGF was tested up to 24 hours. 
Concentrations of Nisaplin® were 0.025, 0.05, 0.1, 0.2, 0.35 and 0.5 % (w/v) and 
Guardian® was 0.5, 1, 2 and 3 % (w/v) (Table 4.1).  
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Antilisterial activity in the solid media 
            L. monocytogenes ATCC15313 (LM) was also used as a test organism to 
determine antimicrobial activity by agar diffusion technique. Small circular films (6mm-
diameter) were cut using sterile stainless steel cutter and placed on the surface of brain 
heart infusion (BHI) soft agar which contained LM (106 CFU / ml). After incubation at 
37℃ for 48 hours, clear zones were measured by micro caliper. Concentrations of 
Nisaplin® were 0.05, 0.2, 0.35 and 0.5 % (w/v) and Guardian® was 1, 2, 3 and 4 % (w/v) 
(Table 4.1).  
 
Shelf life study of antimicrobial films 
            Turkey bologna was irradiated with dose of 2.4 Mrad at 4,607 R/minute for 521 
minutes at Auburn University.  Irradiated bologna was stored at -70℃ freezer until use. 
Each package of bologna was thawed at 4℃ for 18 hours and then used for 
experimentation. Each bologna piece was cut into a square (4 cm × 4 cm) with sterile 
square cutter and inoculated with 0.1 ml of a LM culture,106 CFU/ml, on the surface then 
covered with square (4 cm × 4 cm) antimicrobial film. Bologna piece covered with 
antimicrobial film was moved to a pasteurized bag (Model CNP-310, Cryovac, Duncan, 
SC) and vacuumed (Koch Model, UV250, Koch Supplies Inc, Kansas City, MO) and 
stored at 4℃ for 56 days. Antimicrobial activity of GNF and GGF was measured at 0, 1, 
3, 7, 14, 21, 28, 42, and 56 days.  
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Statistical Analysis 
            Each experiment is performed three times in duplicates. Data were analyzed using 
the general linear models procedure in SAS software program (Statistical Analysis 
System Institute Inc., Cary, NC). Multiple mean comparisons among the treatments were 
carried out by the least square difference (LSD) method.  
 
Results and Discussion 
Film Properties 
            Film lightness (L values) and redness (a* values) decreased and yellowness 
increased (Table 4.2), as the concentration of Nisaplin® or Guardian® film increased.  
            Film thickness of both antimicrobial films increased as antimicrobial 
concentration increased (data not shown). As glycerol was added into gelatin, tensile 
strength decreased and % elongation increased (Table 4.3). In Table 4.3, as the 
concentration of Nisaplin® increased from 0.05 to 0.5%, tensile strength (TS) of GNF 
decreased from 39.5 to 20.9 MPa, and % elongation (EL) at break increased from 15.5 to 
23 % (P<.05). GGF showed same trend with GNF. As the concentration increased 0.5 to  
3%, TS decreased 34.4 to 22.8 and EL increased 22.4 to 35.1.  
            Both oxygen permeability (OP) and water vapor permeability (WVP) of GNF 
increased as concentration increased (Table 4.4). OP of GGF is increased as level of 
incorporated antimicrobial increased while WVP decreased.    
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 Antilisterial activity in the liquid system 
            Growth of LM with control film without antimicrobials reached 106 log CFU/ml 
and did not change during storage period (P>.05). However, all GNF treatments 
effectively inhibited LM and there were approximately 3-log CFU/ml after 1 hour (Figure 
4.1). At 2 hours, GNF suppressed LM by 4 log10 CFU/ml but there was no difference 
between treatments except for two treatments (0.025 and 0.5%). Antimicrobial activity of 
all GNF was higher than control film at 8 hours. Bacterial populations of all GNF were 
under detection level after 4 hours. All GNF completely inhibited LM in 6 hrs (Figure. 
4.1). Nisin activity was dependant on release rate from the film in solution. Dawson et al 
(2003) reported that loss of nisin activity by cast method was less than by heat press and 
protein type can be a factor to affect nisin activity. They also found wheat gluten films 
were more effective in retaining nisin activity than corn zein films.     
            In GGF experiment in peptone solution (Figure 4.2), LM grew to 106 CFU/ml and 
did not decrease during storage time. All GGF showed about 1.2 ~ 1.8 log reduction of 
LM within two hours. The two higher Guardian® treatments (2 and 3%) were not as 
effective compared to lower levels GGF (0.5 and 1%). This result is due to the diffusion 
property in the liquid media because the higher amount of Guardian® was tightly packed 
in the gelatin and it may not easily diffuse out into the peptone solution and not enough to 
kill the bacteria within hours.  
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Antilisterial activity in solid media 
            Antilisterial effect of antimicrobials in solid media using the agar diffusion assay 
was measured by the clear zone which is the LM killing area. Control film (gelatin + 
glycerol) did not show any inhibition against LM during storage. As expected, 
antimicrobial films showed the highest inhibition effect against LM at day 0 and then 
decreased during storage for 16 weeks except for control and the 0.05% GNF (Table 
4.5).  
        Clear zones were not found for the control film throughout the storage period. 
Three GNF (0.2, 0.35 and 0.5%) showed inhibition against LM after 48 hrs of incubation 
at 0 day and 0.2% GNF inhibited LM only in the film contact area, while two GNF (0.35 
and 0.5%) made a 8.7mm-diameter of clear zone. All GGF showed an antilisterial effect 
at day 0. Sustainable time of inhibition effect of each film was very dependant by 
concentration. Antimicrobial activity of 0.35 % GNF was sustained for 3 weeks and 0.5% 
GNF was sustained for 8 weeks. Antilisterial effect of GGF was more stable than that of 
GNF. From the lowest to the highest GGF levels antimicrobial activity remained for 3, 6, 
8 and 16 weeks, respectively. After 16 weeks of storage at 21℃ ± 2, two GNF (0.35 and 
0.5%) and all GGF still showed antilisterial effects in soft agar, although Guardian® 
films exhibited more stability than Nisaplin® films (Table 4.1).  
            The results of study suggested that gelatin based Nisaplin® edible films are more 
suitable to inhibit LM in liquid media while gelatin based Guardian® edible films are 
more effective in the solid media. 
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Shelf life study of antimicrobial films against LM on bologna 
            The population of LM on the surface (4 cm × 4 cm) of bologna was about 4 log 
CFU / cm2 at day 0 (Figure 4.3). Since one control sample was not adequately covered 
with antimicrobial film, both lightness and redness was the highest for control during 
storage compared to other films treatments (Figure 4.4 and Figure 4.5). Among the film 
treatments, lightness of GNF was higher than others and redness was lower. Total color 
difference (∆E) was the largest for GNF during storage (Figure 4.7).  
            At day 1, both antimicrobial films suppressed LM and especially GNF inhibited 
LM by 2.13 log CFU/cm2. GNF and GGF more effectively inhibited LM through 7 days 
then inhibition of LM continued through the end of storage. Although the amount of GNF 
added was much lower than GGF, antimicrobial activity of GNF was greater than GGF 
during the whole storage period because activity strength of the two antimicrobials is 
quite different. GNF suppressed LM very effectively with the LM populations under the 
detection level at 7 days of storage. GGF inhibited LM at 7 days by 2.17 log CFU/cm2. A 
decreasing trend of LM population continued to the end of storage and reached 0.61 log 
CFU/cm2 by day 56. Since foodborne pathogens mostly live on the surface of RTE meat 
products, antimicrobial packaging can have an impact on pathogen control by direct 
surface contact (Quintavalla and Vicini, 2002). Films or coatings will need higher 
antimicrobial concentrations than direct addition. Grower et al (2004) showed 
antimicrobial activity of coated nisin film against LM was less effective than activity of 
direct addition in solution. This might explain the higher concentration for solid media 
for same level of inhibition that was obtained in liquid media in the present study. 
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According to Samelis et al (2005), pork bologna slices by dipped in a nisin solution (5000 
IU / ml) suppressed LM by 1 to 1.5 log CFU / cm2 at day 0 but, LM populations 
increased by 10 days after dipping. Both antimicrobial films were effective in inhibiting 
LM on bologna for 56 days. Since both films inhibited LM on bologna at refrigerated 
temperature, they have the potential to be used as antimicrobial films for refrigerated 
Ready-to-eat foods.  
 
Conclusions 
            Incorporation of Nisaplin® and Guardian® increased the intensity of yellowness 
and decreased lightness in gelatin based films at day 0. Increased amount of both 
antimicrobials resulted in reduced tensile strength and increased elongation of films. 
Within tested concentration levels, GNF showed high antilisterial activity against LM in 
the liquid system, while GGF were more effective in the solid system. Both antimicrobial 
films effectively inhibited LM on bologna at 4℃ up to 8 weeks. Based on results of this 
study, it is possible that gelatin based antimicrobials films can be applied to 
various liquid and solid products including ready-to-eat foods. 
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Table 4.1. Weight of various antimicrobials films used in experiments. 
 
 
 
Antimicrobial Film weight Square film Circular film  Concentration (g) (g) (g) (%) 
0.025 6.0671 0.2733  
0.05 6.1103 0.2781 0.0026 
0.1 6.1810 0.2793  
Nisaplin® 
0.2  6.3003 0.2891 0.0028 
0.35 6.5108 0.3039 0.0029 
0.5 6.7036 0.3266 0.0031 
0.5 6.5737 0.2990  
1 6.9949 0.3185 0.0032 
2 8.1351 0.6324 0.0035 
3 9.2413 0.4190 0.0040 
Guardian® 
CS1-50 
4 10.1743 0.4720 0.0046 
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Table 4.2. Color properties of antimicrobial films at day 0. 
 
 
 
Treatments CIE L* CIE a* CIE b* 
Teflon Sheet 91.67 ± 0.061) 0.99 ± 0.02 -1.37 ± 0.03 
Control  
0.025 % Nisaplin® 
0.05 % Nisaplin® 
0.1 % Nisaplin® 
0.2 % Nisaplin® 
0.35 % Nisaplin® 
0.5 % Nisaplin® 
93.1 ± 0.02a 1.31 ± 0.01a 0.55 ± 0.02e
92.9 ± 0.11ab 1.30 ± 0.03a
1.30 ± 0.04a
1.29 ± 0.03a
1.26 ± 0.04a
1.23 ± 0.04b
0.60 ± 0.01e
92.8 ± 0.09abc
93.0 ± 0.16ab
92.7± 0.28bcd
92.6 ± 0.33cd
92.5 ± 0.29d
0.62 ± 0.1e
0.73 ± 0.06d
0.84 ± 0.02c
1.00 ± 0.03b
1.16 ± 0.02c 1.36 ± 0.03a
Control 
0.5 % Guardian® 
1 % Guardian® 
2 % Guardian® 
3 % Guardian® 
92.5 ± 0.04a
92.3 ± 0.05b
92.1 ± 0.07c
91.6 ± 0.02d
91.0 ± 0.13e
1.31 ± 0.02a
1.23 ± 0.01b
1.14 ± 0.02c
0.98 ± 0.01d
0.84 ± 0.02e
0.60 ± 0.03e
1.21 ± 0.04d
1.88 ± 0.05c
3.33 ± 0.06b
4.76 ± 0.01a
a - e Means with different superscripts within a column are significantly different at P<.05. 
1) Mean ± Standard deviation 
All Films were measured with the teflon sheet 
 
 
 
 
 73
Table 4.3. Mechanical properties of Nisaplin® and Guardian® edible Films. 
 
 
 
 
Antimicrobial 
Concentration 
(%) 
Tensile Strength  
(MPa) 
Elongation 
(%) 
Gelatin only 
Gelatin + Glycerol 
0 
0 
100.5 ± 1.661)
41.1 ± 1.05 
7.7 ± 0.71 
17.5 ± 1.59 
Nisaplin® 
0.05 
0.2 
0.35 
0.5 
39.5 ± 1.23a
28.8 ± 0.42b
29.6 ± 1.65b
20.9 ± 0.55c
15.5 ± 0.84c
20.1 ±  0.67b
19.6 ± 0.49b
23.0 ±  0.64a
34.4 ± 0.41a 22.4 ± 0.66c0.5 % 
29.1 ± 0.26b1 % Guardian® 27.9 ± 1.30c2 % 
22.8 ± 0.54d3 % 
29.5 ± 0.79b
28.9 ± 1.00b
35.1 ± 2.11a
a - d Means with different superscripts within a column are significantly different at P<.05. 
1) Mean ± Standard deviation  
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Table 4.4. Barrier properties of Nisaplin® and Guardian® edible Films. 
 
 
 
Films 
Antimicrobial
Concentration
(%) 
Oxygen Permeability
(cc·mil/m2d atm) 
Water Vapor Permeability
(g·mil/m2d atm) 
Control  
(Gelatin + Glycerol) 0 842.0 ± 98.9
2) 3772.0 ± 100.7 
Nisaplin® 
0.05 
0.2 
0.35 
0.5 
821.4 ± 100.6b1)
1010.2 ± 103.4b
1337.5 ± 263.2a
1463.7 ± 152.3a
3636.8 ± 446.0c
4002.6 ± 274.3bc
4450.7 ± 270.6b
5226.6 ± 532.8a
570.6 ± 68.5b 1556.5 ± 25.0a1 
1158.4 ± 95.9a 1109.9 ± 138.5b2 Guardian® 1187.8 ± 80.2a 791.5 ± 25.0c3 
ND3) 774.6 ± 82.9c4 
1) a - d Means with different superscripts within a column are significantly different at P<.05. 
2)  Mean ± Standard deviation 
3)  Data was not detected  
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Table 4.5. Antilisterial activity of gelatin-based Nisaplin® and gelatin-based Guardian® 
films stored for 16 weeks storage at 21℃±2 then tested on solid media. 
 
 
 
Storage Period (weeks) 
Treatments 
Antimicrobial 
Concentration 
(%) 0 1 2 3 4 6 8 16 
Control  
(Gelatin + 
Glycerol) 
0 X 1) X X X X X X X 
0.05  X 
Nisaplin®
 
0.2 
 
0.35 
 
0.5 
 
†† 
 
8.72) 
 
8.7 
X 
 
†  
 
8.7 
 
8.7 
X 
 
†  
 
†† 
 
7.5 
X 
 
† 
 
†† 
 
7.5 
X 
 
† 
 
† 
 
†† 
X 
 
† 
 
† 
 
†† 
X 
 
X 
 
† 
 
†† 
X 
 
X 
 
† 
 
† 
Guardian®
1 
 
2 
 
3 
 
4 
†† 
 
7.3 
 
8.7 
 
8.9 
†† 
 
6.8 
 
7.3 
 
8.9 
†† 
 
6.8 
 
7.1 
 
8.9 
†† 
 
 6.5 
 
7.1 
 
8.4 
† 
 
6.3 
 
7.0 
 
7.6 
†  
 
6.2 
 
6.8 
 
6.5 
† 
 
† 
 
6.1 
 
6.3 
† 
 
† 
 
†† 
 
†† 
1) †: killing zone is not overall in contact area, ††: killing zone is overall in contact area only, X: no 
inhibition  
2) Diameter of clear zone        
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Figure 4.1. Inhibition effect of Nisaplin® incorporated gelatin films against L. 
monocytogenes 
 
 
 
 
a - b Values with different superscripts are significantly different (P<.05). 
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Figure 4.2. Inhibition effect of Guardian® incorporated gelatin films against L. 
monocytogenes 
 
 
 
2
3
4
5
6
7
0 2 4 8 12 24
Time (hours)
Lo
g 
CF
U/
m
l
Control
0.5 %
1 %
2 %
3 %
a
c
aaaa
c
c
e
d
b
b
b
b
c
b
b
c
c
c
 
a - e Values with different superscripts at same time are significantly different (P<.05). 
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Figure 4.3. Inhibition effect of Nisaplin® and Guardian® films against L. 
monocytogenes in bologna during storage at 4℃±2 for 56 days 
 
 
 
 
a - d Values with different superscripts at same day are significantly different (P<.05). 
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Figure 4.4. CIE L* value of bologna with edible films incorporated with different 
antimicrobials.   
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a - d Values with different superscripts at same day are significantly different (P<.05). 
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Figure 4.5. CIE a* value of bologna with edible films incorporated with different 
antimicrobials.  
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a - d Values with different superscripts at same day are significantly different (P<.05). 
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Figure 4.6. CIE b* value of bologna with edible films incorporated with different 
antimicrobials.  
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a - d Values with different superscripts at same day are significantly different (P<.05). 
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Figure 4.7. Total color difference (ΔE) of bologna with films incorporated with different 
antimicrobials.  
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a - d Values with different superscripts at same day are significantly different (P<.05). 
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CHAPTER V 
ANTIMICROBIAL ACTIVITIES AND PHYSICAL PROPERTIES OF  
Abstract 
            Antimicrobial activity of gelatin bio-films containing trans-2-dodecenal (TD) 
were evaluated against Listeria monocytogenes (LM) and Escherichia coli 0157:H7 in 
model systems. Color, tensile strength (TS) and % elongation (EL) of films were also 
evaluated. As TD concentration increased, lightness decreased and yellowness increased. 
TS of control films were higher than all TD films. EL was highest at 0.5% TD films. In 
peptone solution, all TD films completely inhibited LM 10  CFU / ml populations within 
8 h while control films showed no inhibition. Three levels of TD films (0.25, 0.375 and 
0.5 % (w/v)) displayed stronger antilisterial effects compared to 0.125% TD films. 
Antimicrobial-free (control) film had no effect on 10  CFU / ml of Escherichia coli 
O157:H7 populations up to 8 hours and E. coli population increased between 12 and 48 
hours to over 10  CFU / ml. All TD films continuously inhibited Escherichia coli 
O157:H7 and showed 3.1 to 3.6 log reductions from starting populations by 48 h. Tested 
with bologna, TD films were effective against both LM and Escherichia coli O157:H7 
during storage at 4℃ for 56 days and total color difference was greatest in 2% TD film 
compared to control film.    
 
 
 
GELATIN FILMS IMPREGNATED WITH TRANS-2-DODECENAL 
 
6
6
9
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Introduction 
            Foodborne pathogens are a major safety issue in food systems and although the 
safety regulations and monitoring have increased, foodborne outbreaks still occur. Also, 
recalls from contamination by foodborne pathogens such as L. monocytogenes and E. coli 
O157:H7 bring serious economic damage to the food industry.  
            Antimicrobials have been tested to prevent or control foodborne contamination 
using various applications including direct addition of nisin (Davies et al, 1999), nisin 
adsorption to carriers (Bower et al, 1995; Daeschel et al, 1992; Dawson et al, 2005), nisin 
film preparations (Hoffman et al, 2001; Franklin et al, 2004), antimicrobial agents from 
natural sources such as grape seed extract (Ahn et al, 2004) and essential oils (Aureli, et 
al, 1992; Oussalah et al, 2007; Zivanovic et al, 2005).  
            Cilantro, Coriandrum sativium, has long been used as a popular spice imparting 
specific flavors. Cilantro oil is known to have antimicrobial activity against foodborne 
pathogens with several components contributing to the antimicrobial effects. According 
to Potter and Fagerson (1990), major volatile components in coriander leaf include 
alkenols, alkanols, and nonane. Also, it was reported that composition of cilantro leaf oil 
is mainly C10-C16 aldehydes (Potter, 1996).  Kubo et al (2004) found antimicrobial 
activity against Salmonella choleraesuis of (2E)-alkenals which exist in coriander leaf 
was dependant on chain length and they also reported (2E)-dodecenal had the highest  
antimicrobial activity of these alkenals. The use of this natural component in 
antimicrobial films is a logical application for food safety.  
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            The objectives of this study were to develop trans-2-dodecenal impregnated 
gelatin films and to investigate antimicrobial activity of trans-2-dodecenal films in model 
systems.    
 
Materials and Methods 
Film preparation 
            TD film was made by a casting method. Gelatin (Rousselot, IA, USA) (5 % w/v), 
glycerol (1 % w/v) and Tween 80 (0.5 % w/v) were dissolved in distilled water and this 
solution was used as a control film. For the TD films, various concentrations of TD, 
0.125, 0.25, 0.375, 0.5, 1, 2 % (v/v) were added into control solution. The solution was 
homogenized for 20 seconds then filtered through cheesecloth. Antimicrobials were 
added at low temperature to minimize volatilization of TD during film preparation. Film 
solution was poured onto a level glass plate (25 × 25 cm) covered Teflon sheet and dried 
at 21℃ ± 2 for 20 hours. After drying, each film was peeled and used for 
experimentation.  
 
Color properties of antimicrobial films 
            Color of bologna surface without an antimicrobial film and color of bologna 
surface covered with an antimicrobial film was measured using a Minolta Chroma Meter 
(CR-400, Minolta Corporation, Ramsey, NJ). The CIE (Commission Internationale De 
l’Eclairage, 1976) L*, a*, b* color space was used to quantitate surface color. The CIE 
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L*, a*, b* were measured at 0, 1, 3, 7, 14, 21, 28, 42, 56 days. Measurements were 
performed in triplicate. Total color difference (∆E) was calculated as follows; Ref 
Indicates the value which was measured at day 0.  
∆E = [(L*-L*ref)2 + (a*- a*ref)2 + (b* - b*ref)2]1/2 
 
Mechanical properties of antimicrobial films 
            Instron (SATEC Model No. T1000 Material Testing System, Instron., Co., USA) 
was used to measure tensile strength (TS) and percent elongation (%E) at break by 
ASTM Standard Method (1999). Tensile strength samples (1.53 cm × 10 cm) were cut 
and film thickness was measured using a digital micrometer (Precision micrometer, 
Testing Machines Inc., USA). Testing speed was 100 mm/min. TS and percent elongation 
at break were calculated using a Bluehill2 software system (Version 2.52, Instron, Co., 
USA).  
 
Bacterial culture 
            L. monocytogenes and E. coli O157:H7 were used as test organisms. Frozen L. 
monocytogenes ATCC15313 which stored in brain heart infusion (BHI) broth (Difco 
Laboratories, Detroit, MI) with 20% glycerol (v/v) at -70℃ was thawed under the 
bioflow chamber (Ormond Beach, FL) and 0.1ml of culture was transferred to 9.9ml of 
BHI broth in sterile glass tubes then incubated for 16 ~ 18 hours at 37℃ with shaking 
aerobically. Transfer was repeated using the same procedure. Inoculated broth was 
centrifuged at 3000 ×g (IEC HN-SII centrifuge, International Equipment Co., Inc., 
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Needham Heights, MA) the supernatant then the tube filled with 0.1% peptone solution. 
Finally, diluted inoculum into 0.1% peptone solution used for experimentation. Inoculum 
of E. coli O157:H7 prepared by same procedure used for L. monocytogenes. Tryptic soy 
broth (TSB) (Difco Laboratories, Detroit, MI) was used for E .coli O157:H7 instead of 
BHI broth during culture preparation.  
 
Antimicrobial activity in peptone solution 
            Each square antimicrobial film (5.5cm × 5.5cm) was submerged into 15 ml 0.1% 
peptone solution containing bacteria at 106 CFU / ml in Petri dish and was continuously 
stirred on an orbit shaker (Orbit Shaker, Melose Park, IL) at 50 rpm. Antimicrobial 
activity of TD films against L. monocytogenes and E. coli O157:H7 was measured up to 
24 hours and 48 hours, respectively. 0.1ml of peptone solution from the Petri dish at each 
time was diluted with 0.1% sterile peptone solution and dispensed into a sterile Petri dish 
then brain heart agar (BHA) (Difco Laboratories, Detroit, MI) was added. Tryptic Soy 
Agar (TSA) (Difco Laboratories, Detroit, MI) was used for plating of E. coli O157:H7 
instead of BHA. Plates were incubated at 37℃ for 48 hours and bacterial populations 
were counted then converted to log CFU/cm2.      
 
Antimicrobial effect of TD films on bologna during storage 
            Turkey bologna (Oscar Mayer Foods Corporation, Madison, WI) was used as the 
food system. The bologna was previously irradiated with a dose of 2.4 Mrad at 4, 607 R / 
minute and total 521 minutes at Auburn University.  Irradiated bologna was stored at -
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70℃ freezer until use. Each package of bologna was thawed at 4±2℃ for 18 hours before 
testing. L. monocytogenes ATCC15313 and E. coli O157:H7 were used as test organisms. 
Each piece of bologna was cut to square shape (4 cm × 4 cm) using a sterile cutter and 
inoculated with each pathogen at approximately at 103 CFU / cm2 on the bologna surface 
then covered by same size (4 cm × 4 cm) of antimicrobial film. Each sample was 
vacuum-packed and stored at 4±2℃ for 56 days (Figure 5.1). Antimicrobial activity of 
TD is measured at 0, 1, 3, 7, 14, 21, 28, 42, 56 days. After removal of antimicrobial films, 
bologna samples were taken from the vacuum-packed bag using sterile forceps into a 
stomacher bag and diluted with 99ml 0.1% peptone water then homogenized at 230rpm 
for 1.5 min in stomacher (Seward stomacher 400, Seward, Inc, UK). 0.1ml of peptone 
solution was removed from the homogenized solution and dispensed into a sterile Petri 
dish and plated with brain heart agar (BHA) (Difco Laboratories, Detroit, MI). Tryptic 
Soy Agar (TSA) (Difco Laboratories, Detroit, MI) was used for plating of E. coli 
O157:H7 instead of BHA. Plates were incubated at 37℃ for 48 hours and bacterial 
populations were counted then converted to log CFU/cm2.      
 
Statistical analysis 
            All experiments were performed three times with duplicate sampling. Counts of 
LM and E. coli O157:H7 were converted to log10 CFU/ cm2. Data were analyzed by the 
General Linear Model procedure of SAS. Factors examined in the experiment were 
treatments and storage days. Differences in mean log10 CFU/cm2 among treatments or 
storage days were determined using the Least Significance Difference (LSD) in SAS 
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program (NC,2007). 
 
 
Results and Discussion 
Film properties 
            Color of the Teflon sheet was measured and used as reference because the Teflon 
sheet was used to background panel when film color was measured. Lightness (Table 5.1) 
of two higher concentrations of TD films, 1% and 2% (v/v), was lower than other 
treatments (P<.05) and there was no difference between 0.125 to 0.375 % (v/v) TD films. 
Lightness of the Teflon sheet and control film was higher than other samples (P<.05). In 
contrast, the intensity of yellowness increased as TD concentration increased. At 1% and 
2%, Yellowness of TD film increased to 12.8 and 12.1, respectively (P<.05).  
     As TD was added into gelatin, tensile strength (Figure 5.2) decreased compared to 
control film and there were no tensile strength differences between lower concentrations 
and higher concentrations of TD films. In Figure 5.3, Percent elongation of 0.5% TD film 
was higher than other films including control (P<0.05).  
 
Antimicrobial activity of TD films in the peptone solution 
            Due to differences in inhibition time of TD films in peptone solution between LM 
and E. coli O157:H7, 24 hours was used for LM tests and 48 hours was used for E. coli 
O157:H7. Control film had no effect on LM populations up to 24 hours. E. coli O157:H7 
population did not change for 8 hours when exposed to control films then grew to 109 
CFU / ml by 12 hours. All TD films inhibited LM to below detection within 8 hours. 
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0.25, 0.375 and 0.5% (v/v) TD films had approximately 6 log reductions at 4 hours while 
the lowest concentration of TD film had ~ 6 log reductions by 8 hours (Figure 5.4). 
Inhibition by TD films of E. coli O157:H7 lasted through 48 hours (Figure 5.5). All TD 
films suppressed E. coli O157:H7 with approximately a 3 log reduction at 48 hours.  
 
Bologna study 
            Lightness of bologna without films was higher than with antimicrobial films. 
Lightness of bologna alone when inoculated with E. coli O157:H7 was more stable than 
bologna when inoculated with LM (Figure 5.6 and 5.7). Also, lightness of TD treatments 
when inoculated with LM varied more than when inoculated with E. coli. There was no 
difference in lightness between TD treatments inoculated with E. coli O157:H7 compared 
to control (P<.05). There was no difference in the redness value between TD films 
treatments inoculated with LM and no antimicrobial film (Figure 5.8). As storage time 
increased, redness of control film inoculated with E. coli O157:H7 decreased (Figure 
5.9). Yellowness of TD films increased during storage but did not change for bologna and 
control film (Figure 5.10 and 5.11) (P>.05). Total color difference of all treatments 
inoculated with LM increased during storage (Figure 12). Films inoculated with E. coli 
O157:H7 also showed increased ∆E as storage time increased while there was no change 
in bologna alone day 1 to 56 (Figure 5.13). Total color difference was higher in order as 
follows; 2% TD > 1% TD > Control > Bologna. 
            Initial load of LM on bologna was about 3 log cfu10 / cm2. Bologna alone and 
control film maintained initial LM populations up to 21 days and increased in number 
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from day 28 to day 56 (Figure 5.14). There was no difference in bacterial counts between 
bologna and control film during the storage (P>.05). Both TD films inhibited LM 
throughout storage and no significant difference was found in antilisterial activity 
between the two TD films (P>.05). There was a 1 log reduction by day 7 and ~ 2 log 
reductions by day 28 for bologna with TD films. Bacterial population difference between 
control and TD films increased from day 28 to day 56 due to LM growth with control.  
According to Aureli et al (1992), essential oils from various plants such as basil, 
chamomile, parsley, cinnamon, clove, parsley, origanum, thyme and coriander have 
antimicrobial activity. However, the exact mechanisms of essential oils against pathogens 
were not identified and this activity is often reduced or lost in food applications. Gill et al 
(2002) found that gelatin gel containing 0.1% or 0.5% cilantro oil did not inhibit LM on 
ham coins while lower levels of cilantro oil inhibited LM in broth. Factors such as 
hydrophobicity / hydrophillicity, food composition and ingredients may affect the 
efficiency of volatile compounds and these conditions or treatments should be tested 
through application to foods. Fan et al (2002) found that the antimicrobial activity of 
compounds such as linalool, dodecanal, and (E)-2-dodecenal in cilantro leaves were 
reduced by irradiation. Also, high temperatures used for food processing or storage may 
cause the loss of antimicrobial activity.      
            Average initial load of E. coli O157:H7 on bologna was little below 3 log CFU10 / 
cm2 (Figure 5.15). In particular, bologna only and bologna with control film (no 
antimicrobial) showed a similar of decreasing E. coli O157:H7 population throughout 
storage. Mustapha et al (2002) studied lactic acid and nisin against E. coli O157:H7 in 
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beef cubes at 4℃ for 28 days and even no treatment showed reduced bacterial counts by 
0.73 log10 CFU/cm2 at day 28. They assumed that factors such as vacuum packaging, 
temperature and acidity may have affected bacterial growth. Another study also found 
decreased E. coli O157:H7 populations in bologna and fermented summer sausage during 
storage and explained that chemical preservatives, nitrite and salt might be the reason for 
this (Gagri et al, 2002). Both TD films were effective in reducing E. coli O157:H7 
populations during storage compared to control even though E. coli O157:H7 did not 
grow well on controls. However, there was no difference in E. coli O157:H7 reductions 
between the two TD films. At day 28, both TD films had bacterial populations below 1 
log10 CFU/cm2.  
      
Conclusions 
            Antimicrobial activity of gelatin edible films containing TD against LM and E. 
coli O157:H7 were tested in model systems using peptone solution and bologna. Their 
antibacterial effect against LM and E. coli O157:H7 was effective in peptone solution 
and all TD films completely inhibited LM within 8 hours. TD incorporated gelatin film 
suppressed LM and E. coli O157:H7 on bologna during storage at 4℃ for 56 days. As 
similar as results in peptone solution, antimicrobial activity of TD films against LM was 
stronger than activity against E. coli O157:H7. It is concluded that TD films might have 
potential as antimicrobial packaging to prevent food pathogens presence in short or long 
term storage.      
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Table 5.1. Color properties of control and trans-2-dodecenal films 
 
 
 
 Film Color 
Trans-2-dodecenal CIE L* CIE a* CIE b* (%) 
91.4 ± 0.47a1) 0.91 ± 0.01a -0.70 ± 0.01e0 (Control) 
90.8 ± 0.18b 0.50 ± 0.04b 0.83 ± 0.23cd0.125 
90.8 ± 0.14b 0.53 ± 0.01b 0.50 ± 0.05d0.25 
90.7 ± 0.11b 0.39 ± 0.03b 1.22 ± 0.10c0.375 
90.8 ± 0.09b 0.44 ± 0.01b 0.80 ± 0.05d0.5 
88.7 ± 0.29d -1.04 ± 0.07c 12.8 ± 0.46a1 
89.3 ± 0.17c -0.98 ± 0.24c 12.1 ± 0.27b2 
a- e Values with different superscripts in same column are significantly different (P<.05). 
Control: Gelatin + Glycerol + Tween 80 
1) Mean ± Standard deviation 
All Films were measured with the teflon sheet 
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Figure 5.1. Bologna samples inoculated with foodborne pathogen with films (A) and 
without films (B) after storage at 4℃±2 for 56 days. 
 
 
(A) 
                      L. monocytogenes                                          E. coli O157:H7 
     
From left to right; Bologna, Control, 1% trans-2-dodecenal, 2% trans-2-dodecenal 
 
 
(B) 
                     L. monocytogenes                                          E. coli O157:H7 
           
From the left top clockwise; bologna, control, 1% trans-2-dodecenal, 2% trans-2-dodecenal 
 
 
 98
Figure 5.2. Tensile strength of gelatin based trans-2-dodecenal films 
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a- e Values with different superscripts are significantly different (P<.05). 
Control: Gelatin + Glycerol + Tween 80 
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Figure 5.3. Elongation at break of gelatin based trans-2-dodecenal films 
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a- e Values with different superscripts are significantly different (P<.05). 
Control: Gelatin + Glycerol + Tween 80 
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Figure 5.4. Antimicrobial activity of trans-2-dodecenal gelatin films against L. 
monocytogenes in peptone solution held at 21℃±2 for 24 hours 
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Figure 5.5. Antimicrobial activity of trans-2-dodecenal gelatin films against E. coli 
O157:H7 in peptone solution held at 21℃±2 for 48 hours 
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a- d Values with different superscripts at same hour are significantly different (P<.05). 
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Figure 5.6. CIE L* value of bologna inoculated with L. monocytogenes covered by 
antimicrobial films incorporated with trans-2-dodecenal. Control = Bologna covered by 
gelatin film without antimicrobial 
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a- d Values with different superscripts at same day are significantly different (P<.05). 
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Figure 5.7. CIE L* value of bologna inoculated with E. coli O157:H7 covered by 
antimicrobial films incorporated with trans-2-dodecenal. Control = Bologna covered by 
gelatin film without antimicrobial 
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a- d Values with different superscripts at same day are significantly different (P<.05). 
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Figure 5.8. CIE a* value of bologna inoculated with L. monocytogenes covered by 
antimicrobial films incorporated with trans-2-dodecenal. Control = Bologna covered by 
gelatin film without antimicrobial 
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a- d Values with different superscripts at same day are significantly different (P<.05). 
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Figure 5.9. CIE a* value of bologna inoculated with E. coli O157:H7 covered by 
antimicrobial films incorporated with trans-2-dodecenal. Control = Bologna covered by 
gelatin film without antimicrobial 
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a- d Values with different superscripts at same day are significantly different (P<.05). 
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Figure 5.10. CIE b* value of bologna inoculated with L. monocytogenes covered by 
antimicrobial films incorporated with trans-2-dodecenal. Control = Bologna covered by 
gelatin film without antimicrobial 
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a- d Values with different superscripts at same day are significantly different (P<.05). 
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Figure 5.11. CIE b* value of bologna inoculated with E. coli O157:H7 covered by 
antimicrobial films incorporated with trans-2-dodecenal. Control = Bologna covered by 
gelatin film without antimicrobial 
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a- d Values with different superscripts at same day are significantly different (P<.05). 
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Figure 5.12. Total Color difference (∆E) of bologna inoculated with L. monocytogenes 
covered by antimicrobial films incorporated with trans-2-dodecenal. Control = Bologna 
covered by gelatin film without antimicrobial 
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a- d Values with different superscripts at same day are significantly different (P<.05). 
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Figure 5.13. Total Color difference (∆E) of bologna inoculated with E. coli O157:H7 
covered by antimicrobial films incorporated with trans-2-dodecenal. Control = Bologna 
covered by gelatin film without antimicrobial 
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a- d Values with different superscripts at same day are significantly different (P<.05). 
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Figure 5.14. Antimicrobial activity of trans-2-dodecenal films against L. monocytogenes 
on bologna at 4℃ 
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a- d Values with different superscripts at same hour are significantly different (P<.05). 
--- Detection limit 
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Figure 5.15. Antimicrobial activity of trans-2-dodecenal films against E. coli O157:H7 
on bologna at 4℃ 
 
 
 
 
 
 
a- d Values with different superscripts at same day are significantly different (P<.05). 
--- Detection limit 
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